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ABSTRACT 


Thirty-six  volunteer  male  subjects  were  systematically  assigned 
to  four  treatment  groups  randomly  designated  Control,  Central,  Peripheral 
I  and  Peripheral  II. 

The  study  determined  the  extent  to  which  the  alleviation  of 
fatigue  in  a  maximal,  anaerobic  repeated  measures  work  setting  could  be 
attributed  to  central  nervous  system  facilitation  (CNSF)  or  lactic  acid 
removal.  These  were  described  as  central  or  peripheral  mechanisms. 

The  hypotheses  examined  related  to  whether  central  or  peripheral 
fatigue  mechanisms  would  play  a  dominant  role  in  fatigue  alleviation 
in  high  intensity  anaerobic  repeated  measures  work.  The  site  of  fatigue 
was  limited  to  the  flexors  of  the  lower  arm  at  the  elbow.  Subjects 
were  required  to  repeatedly  contract  the  flexors  of  the  lower  arm 
concentrically  and  eccentrically  while  attempting  to  sustain  maximal 
force.  This  output  was  described  as  torque.  Torques  were  measured 
during  an  isokinetic  movement  in  which  the  range  and  speed  of  the  lever 
arm  of  an  electrical  dynamometer  were  predetermined  at  80°  and  13.3° 
per  second,  respectively.  IEMG  analysis  revealed  that  declining  levels 
of  torque  were  not  parallelled  by  declining  levels  of  electrical  activity 
within  the  fatiguing  muscles.  Treatments  were  initiated  at  a  torque 
equivalent  to  50  percent  of  each  subject's  MVCC  for  each  work  phase. 

No  significant  differences  which  could  be  attributed  to  the 
treatments  were  found  but  a  treatments  by  phases  interaction  was  found 
in  a  number  of  dependent  variables. 


IV 
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It  was  concluded: 


(1)  That  the  maximal  anaerobic  muscular  activity  prevented  the 
effects  of  CNSF  from  influencing  the  torques  generated  in  a  repeated 
work  measures  setting. 

(2)  That  active  recoveries  did  not  cause  any  significant 
difference  in  the  torques  generated  between  the  groups. 

(3)  That  intense  anaerobic  muscular  activity  taxed  both  central 
and  peripheral  fatigue  mechanisms  to  the  extent  that  neither  was  observed 
to  be  dominant  in  fatigue  alleviation. 
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Chapter  1 


INTRODUCTION 

Two  theories  have  emerged  in  studies  related  to  fatigue;  fatigue 
of  neuromuscular  transmission  (Sloan,  1965;  Viitasalo  and  Komi,  1977; 
Asmussen  and  Mazin,  1978a,  1978b;  Asmussen,  1979;  Wood,  1979),  and 
fatigue  of  the  contractile  element  within  the  muscle  cell  (Merton, 

1954;  DeVries,  1968;  Hermansen,  1971;  Karlsson,  Funderburk,  Essen,  and 
Lind,  1975;  Wenger  and  Reed,  1976;  Weltman,  Stamford,  and  Fulco,  1979) . 
Asmussen  (1979)  described  these  two  models  as  being  central  and  periph¬ 
eral  fatigue  sites  and  attempted  to  ascribe  to  the  central  site  a 
dominant  role  in  diminution  of  performance  so  commonly  associated  with 
the  fatigued  state. 

Fatigue  is  associated  with  a  number  of  homeostatic  disturbances. 
Lippold  (1952)  ,  Bigland  and  Lippold  (1959)  ,  DeVries  (1968)  ,  and  Komi 
and  Buskirk  (1972)  demonstrated  changes  in  the  electrical  activity  in 
muscle  tissue  as  a  function  of  time  during  repeated  contractions. 
Increased  blood  lactate  levels  have  long  been  associated  with  impaired 
muscular  activity  (Jervell,  1928;  Bang,  1936;  Hermansen,  1971),  while 
lactate  removal  or  disappearance  has  been  associated  with  active 
recoveries  (Newman,  1937;  Hermansen  and  Stensvold,  1972;  Karlsson  e t  3 1 • , 
1978;  Weltman  et  al . ,  1979).  Recently,  fatigue  has  been  described  as 
a  factor  limiting  performance.  Wenger  and  Reed  (1976)  presented  evidence 
to  implicate  a  number  of  biochemical  reactions  within  the  contractile 
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mechanism,  the  cytoplasm  of  the  muscle  cell  and  the  organelles  of  the 
cell  as  potential  contributors  to  fatigue.  Wood  (1979)  demonstrated 
with  a  test  to  measure  human  visual  reaction  time  that  local  muscular 
fatigue  contributed  to  a  reduced  speed  of  reflex  reaction  time.  He 
claimed  that  this  was  associated  with  impaired  neural  impulse  trans¬ 
mission.  Viitasalo  and  Komi  (1977)  stated  that  a  further  characteris¬ 
tic  of  muscular  fatigue  was  a  reduction  in  the  conduction  velocities 
of  action  potentials  along  used  muscle  fibres. 

Central  and  Peripheral  Fatigue 

Asmussen  (1979)  reported  observations  by  a  Russian  physiologist, 
Setchenov,  who,  in  1903,  described  central  nervous  system  facilitation 
(CNSF)  as  being  responsible  for  the  alleviation  of  the  fatigue  associated 
with  repeated  bouts  of  sawing  wood.  Asmussen  (1979)  also  reported  an 
observation  made  in  1914  that  exercise  performed  with  a  non-fatigued 
muscle  group  would  increase  blood  flow  through  the  fatigued  muscle 
group  and  thus  facilitate  recovery. 

Asmussen  and  Mazin  (1978a,  1978b)  conducted  a  series  of  experi¬ 
ments  to  determine  whether  CNSF  during  recovery  periods  could  influence 
repeated  bouts  of  muscular  activity  and  if  exercise  performed  by  the 
non-fatigued  muscle  groups  during  recovery  periods  had  any  effect  upon 
repeated  work  bouts.  They  hypothesized  that  there  may  be  two  sites 
where  fatigue  could  develop;  a  peripheral  site  distal  to  the  motor 
end-plate,  and  a  central  site  associated  with  the  wave  of  depolarization 
which  accompanies  neural  transmission.  The  central  site  was  said  to  be 

proximal  to  the  motor  end-plate. 

The  findings  by  Asmussen  and  Mazin  (1978a,  1978b)  provided 


' 
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evidence  to  "support  {the}  'nervous'  explanation  and  disprove  {the} 
'circulatory'  explanation"  (Asmussen,  1979:319). 

Astrand  and  Rodahl  (1977),  and  Karlsson  et  al .  (1975),  suggested 

that  the  buildup  of  lactic  acid  in  exercising  muscle  precipitated  the 
onset  of  fatigue.  Weltman  et  al .  (1979)  examined  recovery  from  maximal 

effort  exercise,  lactate  disappearance  and  subsequent  performance.  They 
found  that  active  recovery  below  the  anaerobic  threshold  of  their  sub¬ 
jects  during  the  rest  periods  enhanced  lactate  disappearance,  which  in 
turn  had  a  positive  effect  on  their  subjects'  overall  work  performance. 

Statement  of  the  Problem 

A  number  of  factors  are  important  in  considering  the  issue  of 
the  dominant  site  of  fatigue  alleviation  being  central  or  peripheral. 

Selection  of  the  task.  This  study  examined  the  alleviation  of 
fatigue  developed  in  a  local  muscular  site.  Other  studies  (Belcastro 
and  Bonen,  1975;  Bonen  and  Belcastro,  1975;  Davies,  Knibbs,  and  Musgrave, 
1970;  Weltman  et  al . ,  1979)  examined  fatigue  alleviation  in  'aerobic' 
activities  such  as  pedalling  on  a  stationary  bicycle  ergometer  or 
running  on  a  treadmill.  The  means  of  inducing  muscular  fatigue  in  the 
current  investigation  was  via  an  electrical  dynamometer  (Singh  and 
Karpovich,  1965) . 

In  this  study,  subjects  performed  a  high  intensity,  anaerobic 
isokinetic  movement  designed  to  induce  a  decline  in  the  torque  generated 
from  maximum  to  50  percent  in  approximately  two  minutes.  In  so  doing, 
it  was  assumed  that  the  subjects  were  within  the  first  phase  of  fatigue 
(Stephens  and  Taylor,  1972). 

The  subjects  were  required  to  concentrically  and  eccentrically 
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contract  the  flexors  of  the  forearm  at  the  elbow  from  their  initial 
maximal  voluntary  concentric  contraction  to  50  percent.  This  fatigue 
inducing  protocol  was  used: 

(a)  To  determine  whether  over  a  repeated  measures-rest  interval 
time  course,  mechanisms  in  fatigue  alleviation  could  be  detected  in  the 
so-called  'first  phase'  of  fatigue. 

(b)  To  minimize  subject  discomfort  subsequent  to  testing.  It 
was  considered  that  the  strenuous  nature  of  four  bouts  of  concentric- 
eccentric  contractions  from  maximal  torque  to  50  percent  of  maximum 
would  itself  generate  muscle  soreness  in  an  essentially  sedentary  popu¬ 
lation.  This  concern  was  later  proven  correct  as  subjects  reported 
some  discomfort  following  testing. 

(c)  To  reach  the  termination  point  of  each  work  phase  of  the 
test  session  in  the  time  frame  of  one  to  two  minutes  which  was  within 
the  first  phase  of  fatigue  as  described  by  Stephens  and  Taylor  (1972)  . 

Selection  of  the  rest  treatment.  Newman,  Dill,  Edwards,  and 
Webster  (1937)  demonstrated  that  moderate  activity  caused  lactic  acid 
to  disappear  faster  than  the  resting  rate.  Davies  et  al .  (1970)  claimed 
that  the  optimal  rate  of  lactic  acid  disappearance  was  around  40  percent 
of  the  subject's  maximal  oxygen  uptake.  It  was  shown  by  Weltman  et  al . 
(1979)  that  active  recovery  during  rest  intervals,  just  below  their 
subject's  previously  determined  anaerobic  threshold,  provided  the  most 
rapid  decline  in  lactic  acid  levels. 

One  group  in  this  current  study  engaged  in  'moderate'  recovery 
exercise  during  the  treatment  or  rest  interval  phases.  This  group 
described  as  Peripheral  II  (P  II)  pedalled  on  a  Monark  bicycle  ergometer 
at  a  heart  rate  of  140-150  beats  per  minute  (bpm) .  A  second  group 
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engaged  in  'mild'  recovery  exercise  during  the  treatment  phases.  This 
group,  Peripheral  I  (PI),  pedalled  on  a  Monark  bicycle  ergometer  at  a 
heart  rate  of  110-120  bpm.  For  both  groups,  rest  interval  activities 
or  treatments  were  of  four  minutes  duration. 

Asmussen  and  Mazin  (1978a,  1978b)  and  Asmussen  (1979)  claimed 
that  groups  practising  central  nervous  system  facilitation  (CNSF) 
produced  elevated  levels  of  performance  in  repeated  fatigue  bouts  when 
compared  to  control  groups.  A  group  designated  Central  in  this  current 
study,  engaged  in  four  minutes  of  CNSF  in  their  rest  interval  activities 
This  was  accomplished  by  the  subjects  solving  as  many  mathematical 
problems  as  possible  for  the  duration  of  their  rest  periods  (Appendix  J) 

The  fourth  group  in  this  current  study  was  a  Control  group  which 
undertook  no  special  treatment  during  the  rest  intervals.  Subjects  in 
the  Control  group  rested  while  sitting  in  the  electrical  dynamometer 
chair  for  the  four  minute  periods. 

Monitoring  rest  treatments.  Blood  lactic  acid  levels  were 
determined  at  intervals  during  the  test  to  describe  conditions  of  rest, 
peak  and  recovery.  This  was  done  to  observe  the  disappearance  or 
removal  of  lactic  acid  which  may  have  been  attributed  to  a  treatment 
effect.  Further,  this  assay  enabled  a  determination  as  to  the  possible 
production  of  lactic  acid  in  the  group  whose  rest  interval  activity  was 
to  pedal  at  a  heart  rate  of  140-150  bpm. 

The  groups  engaged  in  pedalling  on  the  bicycle  ergometer 
had  their  heart  rates  monitored  by  a  Quinton  Model  650  Heart  Rate  Meter 
during  all  treatment  phases. 

The  decline  in  torque  was  monitored  by  a  strain  gauge  placed 
close  to  the  pivot  point  of  the  lever  arm  of  the  electrical  dynamometer. 
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This  was  linked  via  shielded  cable  to  a  Honeywell  amplifier.  The  ampli¬ 
fied  signal  was  relayed  to  a  Beckman  recorder.  See  Plate  2. 

Electromyographic  variables  were  monitored  by  surface  electrodes 
placed  on  the  anterior  aspect  of  the  biceps  brachii  (Komi  and  Buskirk, 
1970)  .  This  signal  was  fed  to  an  Accudata  136  integrator  equipped  for 
sinusoidal  wave  rectification  to  allow  the  quantification  of  the  elec¬ 
trical  activity  in  the  working  muscles.  See  Plate  1. 

Definition  of  Terms 

Amplitude  —  The  extent  of  the  deflection  of  the  EMG  recording  above 
or  below  the  base  line. 

Central  Nervous  System  Facilitation  —  During  muscle  fatigue,  a  feed¬ 
back  of  nerve  impulses  from  the  fatigued  muscles  impinges  on  part  of 
the  reticular  formation  of  the  brain  and  causes  an  inhibition  of  the 
voluntary  effort.  Rest  interval  activities  (diverting)  produce  an 
increased  inflow  of  impulses  from  non-fatigued  parts  of  the  body  to  the 
facilitatory  part  of  the  reticular  formation,  thus  shifting  the  balance 
between  inhibition  and  facilitation  in  a  facilitatory  direction  (Asmussen, 
1979:319) . 

Central  Fatigue  —  Is  caused  by  an  inhibition  elicited  by  nervous 
impulses  from  receptors  in  the  fatigued  muscles.  The  inhibition  may 
act  on  the  motor  pathways  anywhere  from  the  voluntary  centres  in  the 
brain  to  the  spinal  motor  neurons.  The  inhibition  is  most  likely  to 
originate  in  the  reticular  formation  (Asmussen,  1979)  . 

Concentric  Contraction  —  A  contraction  in  which  the  muscle  shortens. 
Eccentric  Contraction  —  A  contraction  in  which  the  muscle  lengthens 


due  to  an  external  force. 
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Plate  1 


Honeywell  Electronic  Medical  System  and 
Beckman  Metabolic  Measurement  Cart  Recorder 


Electrical  Dynamometer 
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Fatigue  —  The  transient  decrease  in  performance  capacity  of  muscles 
that  have  been  active  for  a  certain  time.  Usually  evidenced  by  a  failure 
to  maintain  or  develop  a  certain  force  or  power  (Asmussen,  1979)  . 
Integrated  Electromyograph  (IEMG)  —  An  electronic  interpretation  of 
the  electrical  activity  in  muscle  tissue.  The  activity  can  be  summated 
or  averaged  to  give  a  more  simplified  yet  quantifiable  recording  of  the 
normal  electromyograph. 

Motor  Unit  —  The  nerve  cell  body  of  the  central  nervous  system,  "plus 
the  axon  running  down  the  motor  nerve  plus  it's  terminal  branches  and 
all  the  muscle  fibres  supplied  by  these  branches,"  together  constitute 
a  motor  unit  (Basmajian,  1968:8). 

Motor  Unit  Potential  or  Muscle  Action  Potential  —  When  a  wave  of 
excitation,  or  an  impulse  from  the  central  nervous  system  reaches  the 
myo-neural  junction  where  the  axonal  branches  terminate  in  muscle 
fibres,  "a  wave  of  contraction  spreads  over  the  fibre  resulting  in  a 
brief  twitch  followed  by  rapid  and  complete  relaxation"  (Basmajian, 
1968:12)  . 

Peripheral  Fatigue  —  Is  caused  by  an  imbalance  in  the  'milieu  interne' 
of  the  muscle,  usually  associated  with  an  increase  in  anaerobic  metabo¬ 
lites  such  as  lactic  acid  (Wenger  and  Reed,  1976). 

Torque  —  The  turning  effect  produced  when  a  force  is  exerted  on  a 
body  or  lever  which  is  pivoted  about  some  fixed  point. 

Limitations 

(i)  The  use  of  surface  electrodes  to  record  the  electrical 
activity  of  the  contracting  biceps  brachii.  This  may  lead  to  problems 
in  that  deep  muscle  activity  is  difficult  to  record  and  obviously  single 


‘ 


motor  unit  activity  cannot  be  recorded. 

(ii)  Due  to  the  large  numbers  of  participants,  differences  and 
variations  in  the  nature  and  depth  of  the  tissue  superficial  to  the 
muscle  under  consideration  may  cause  alterations  in  the  quality  of  the 
electrical  impulses  picked  up  at  the  surface  level. 

Delimitations 

(i)  The  study  was  limited  to  two  fatigue  sites  described  as 
central  or  peripheral. 

(ii)  The  angular  velocity  of  the  electrical  dynamometer  was 

O 

limited  to  13.3  per  second. 

(iii)  Only  the  right  arm  of  each  subject  was  involved  in  the 
phases  of  flexion-extension,  thus  the  only  muscles  involved  in  the  study 
were  the  flexors  of  the  lower  arm  at  the  elbow. 

(iv)  Pilot  study  evidence  indicated  that  where  concentric 

or  eccentric  contractions  were  to  be  examined  separately,  the  limitations 
imposed  by  the  return  phase  of  the  lever  arm  of  the  electrical  dynamomete 
produced  an  uncontrolled  recovery  phase  which  may  have  distorted  the 
results . 

(v)  The  subjects  were  36  male  students  engaged  in  graduate 
and  undergraduate  studies  at  The  University  of  Alberta. 

Hypotheses 

The  resulting  research  design  was  a  treatment  groups  (4)  by 
measures  (4)  design,  in  which  the  following  hypotheses  were 
generated  and  tested  for  significance  at  the  0.05  level  of  probability. 
Based  on  these  considerations,  the  specific  hypotheses  developed  for 


this  study  were: 
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Hypothesis  1.  There  would  be  no  significant  difference  in  the 
torque  generated  between  the  four  groups  which  could  be  attributed  to 
the  different  treatment  conditions. 

Hypothesis  2.  There  would  be  no  significant  difference  in  the 
integrated  electromyographic  variables  related  to  the  fatiguing  muscles 
which  could  be  attributed  to  the  different  treatment  conditions. 

Hypothesis  3.  There  would  be  no  significant  difference  in  blood 
lactate  levels  between  the  four  groups  which  could  be  attributed  to  the 


different  treatment  conditions. 


' 
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Chapter  2 


REVIEW  OF  THE  LITERATURE 

Many  investigators  have  provided  evidence  as  to  the  general 
electrical  activity  which  can  be  detected  in  contracting  muscle  since 
the  phenomenon  was  first  observed  by  Galvani  in  1786.  It  is  a  relatively 
recent  observation,  however,  that  electrical  activity  in  muscle  tissue 
increases  as  a  function  of  time  when  the  muscle  works  against  constant 
force  in  an  isometric  contraction  (Edwards  and  Lippold,  1956,  Lippold, 
1952)  or  isotonically  (DeVries,  1968;  Merton,  1954;  Sloan,  1965).  It 
appears  that  the  sum  of  the  electrical  activity  of  a  muscle  bears  a 
simple  relation  to  the  force  developed.  Bigland  and  Lippold  (1954) 
found  the  relation  to  be  essentially  linear,  which  suggested  that  the 
increase  in  force  developed  was  largely  dependent  on  the  increased 
number  of  motor  units  in  action  and  to  a  lesser  extent  on  the  frequency 
of  discharge.  Bigland  and  Lippold  (1954)  further  claimed  that  the 
linear  relationship  between  force  developed  and  the  integrated  electrical 
sum  indicated  that  in  the  absence  of  fatigue  the  integrated  EMG  was 
proportional  to  the  number  of  motor  units  involved  in  the  muscular 
contraction,  and  to  a  lesser  extent  to  the  frequency  of  their  discharges. 
More  recent  work  by  Komi  (1973)  has  confirmed  these  earlier  findings 
and  extended  our  understanding  of  the  EMG.  Komi  showed  that  the  inte¬ 
grated  EMG  activity  was  the  same  in  maximal  contractions  of  different 
speeds.  He  pointed  out  that  this  was  indicative  of  the  same  degree  of 
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motor  unit  recruitment  in  maximal  efforts;  and  further,  that  it  did  not 
matter  whether  the  contraction  was  concentric,  isometric  or  eccentric 
(Komi,  1973) . 

Grossman  and  Weiner  (1966)  cast  a  serious  doubt  over  the  validity 
and  reliability  of  much  surface  electromyographic  research  data  with 
their  assertion  that  the  electrical  activity  of  the  underlying  muscle 
tissue  may  not  be  related  to  tension  generated  within  the  muscle,  but 
may  actually  be  in  response  to  environmental  interference,  plus  the 
muscle  action  potentials.  Their  doubts  were  largely  dispelled  by  the 
work  of  Komi  and  Buskirk  (1970)  who  outlined  a  strict  code  of  prepara¬ 
tion  for  repeated  surface  and  inserted  electromyographic  recordings. 

Their  conclusions  were  that  the  surface  electrode  produced  more  reliable 
recordings  over  the  inserted  electrode,  when  measures  were  made  on 
successive  days,  and  unless  the  inserted  wire  technique  could  be  further 
standardized,  it  appeared  inappropriate  for  long-term  use  (Komi  and 
Buskirk  ,  1970 )  . 

Integrated  Electromyogram  and 

Fatigue 

Lippold  (1952)  designed  a  rigid  wooden  frame  dynamometer  into 
which  his  experimental  subjects  fixed  their  leg  in  such  a  manner  to 
enable  the  forces  rotating  the  foot  around  the  ankle  joint  to  be 
measured.  All  movements  were  eliminated  except  the  pressure  exerted 
by  the  sole  of  the  foot  when  the  calf  muscles  contracted.  Lippold' s 
(1952)  subjects  made  voluntary  contractions  of  varying  known  strengths 
while  simultaneous  electromyograms  were  recorded  and  integrated.  Lippold 
(1952)  was  able  to  conclude  that  there  was  a  linear  relation  between  the 
integrated  electromyogram  (IEMG)  and  the  tension  produced,  while  the 


coefficient  of  correlation  varied  between  0.93  and  0.99.  DeVries  (1974: 
285-301)  provided  a  clear  explanation  of  the  function  of  integration 
when  examining  the  wave-form  produced  by  an  EMG . 

Lippold's  findings  may  have  stimulated  interest  in  using  the 
electromyogram  in  other  research  contexts.  Merton  (1954)  made  use  of 
the  electrical  potential-activity  relationship  when  examining  strength 
and  fatigue.  He  provided  evidence  which  led  to  the  conclusion  that 
fatigue  was  a  peripheral  occurrence,  first  by  demonstrating  that  when 
strength  failed,  electrical  stimulation  could  not  restore  the  power 
to  the  muscle.  Second,  by  demonstrating  that  recovery  from  fatigue  did 
not  take  place  if  the  circulation  to  the  muscle  was  arrested  (Merton, 
1954)  .  While  Merton  devised  a  complicated  apparatus  to  examine  the 
isotonic  contractions  in  the  muscle  adductor  pollicis  to  fatigue,  Bigland 
and  Lippold  (1954)  used  Lippold's  simpler  dynamometer  to  examine  the 
action  potentials  in  the  muscle  gastrocnemius  in  constant  shortening, 
lengthening  and  isometric  contractions.  Their  conclusion  that  tension, 
velocity  and  electrical  activity  were  interdependent  has  been  an 
important  finding  for  the  field  of  electromyography  (Bigland  and  Lippold, 
1954:223) . 

There  was  a  number  of  researchers  inquiring  into  different  aspect 
of  muscular  fatigue  during  the  1950's.  Lind  (1959)  examined  muscle 
fatigue  and  recovery  from  fatigue  induced  by  sustained  contractions. 
Sherrer  and  Bourguignon  (1959)  reported  upon  the  changes  in  the  electro¬ 
myogram  produced  by  fatigue  in  man,  with  their  findings  essentially  in 
support  of  Bigland  and  Lippold  (1954).  Sherrer  and  Bourguignon  (1959) 
investigated  the  relationship  between  the  integrated  electromyogram 
( I EMG)  and  fatigue  generated  in  the  triceps  muscle  group  during  isometric 
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and  isotonic  contractions.  They,  too,  showed  that  the  electrical  activity 
as  quantified  by  the  IEMG ,  was  in  linear  relation  to  the  force  developed; 
that  the  increase  in  force  depended  more  on  the  increased  number  of  motor 
units  than  on  the  frequency  of  discharge,  and  that  in  the  absence  of 
fatigue,  the  IEMG  was  proportional  to  the  number  of  motor  units  and  to 
a  lesser  extent  on  the  frequency  of  discharge  (Sherrer  and  Bourguignon, 
1959:157).  In  their  account  of  the  phenomena  associated  with  fatigue, 
Sherrer  and  Bourguignon  referred  to  'neuromuscular  blockage'  and  noted 
that  further  research  was  needed  to  determine  the  actual  'site'  of 
fatigue.  It  is  interesting  to  note  that,  in  contrast,  Lind  (1959) 
claimed  his  evidence  supported  conclusively  the  idea  of  fatigue  as 
'peripheral'  in  nature  rather  than  neural  or  central. 

It  would  appear  that  Asmussen  (1979)  brought  back  to  life  a  debate 
which  first  appeared  near  the  commencement  of  this  century  and  then 
almost  50  years  later.  It  is  not  clear  why  the  issue  of  fatigue  sites 
should  be  so  cyclic.  The  answer  to  this  latter  query  perhaps  can  be 
found  in  the  intrinsic  complexity  of  fatigue. 

In  1965,  Sloan  conducted  a  surface  electromyographic  study  of 

fatigue  in  the  rectus  femoris  muscle  of  ten  healthy  young  men  between 

the  ages  of  19  to  26  years.  Fatigue  was  induced  by  the  application  of 

the  Harvard  step  test.  Like  the  earlier  workers,  Sloan  also  observed 

an  increase  in  the  amplitude  of  the  IEMG  and  ascribed  it  to  an  increase 

in  the  number  of  motor  units  firing  synchronously.  He  speculated  upon 

the  progressive  failure  of  the  contractile  mechanism  by  noting  that: 

.  .  .  the  fatigue  pattern  of  the  EMG  may  be  due  to  the  increased 
stimulation  from  the  motor  cortex  required  to  maintain  the  same 
degree  of  contraction  as  the  muscle  responds  less  efficiently. 

The  increased  upper  motor  neurone  activity  results  in  larger 
groups  of  motor  units  discharging  synchronously  with  the  observed 


result  of  larger  action  potentials.  This  phenomenon  may  be  seen 
before  any  other  manifestations  of  fatigue  are  obvious  (Sloan, 
1965:397) . 

DeVries  (1968)  experimentally  induced  fatigue  in  the  elbow  flexor  and 
three  extensor  muscle  groups.  He  also  constricted  blood  flow  to  the 
exercising  muscle  groups  and  noted  that  circulatory  arrest  brought 
about  marked  changes  in  the  nature  of  the  isometric  fatigue  curve 
produced  by  the  elbow  flexor  group  at  20  percent  of  their  maximal 
voluntary  contractions.  "This  finding  lends  further  support  to  the 
hypothesis  of  Merton  and  Lippold  et  al.,  that  rapidly  induced  fatigue 
is  a  peripheral  effect"  (DeVries,  1968:134).  Despite  Sloan's  (1965) 
speculation  that  fatigue  in  muscular  contractions  may  be  characterized 
by  central  nervous  system  activity,  DeVries'  definite  assertion,  plus 
the  earlier  lactic  acid  research  of  Astrand  and  Rodahl  (1963)  , 

Gisolfi,  Robinson,  and  Turrell  (1966),  Newman  et  al .  (1937),  and  Rowell, 

Kraning,  Evans,  Kennedy,  and  Kusumi  (1966)  seemed  to  indict  the  'milieu- 
interne'  as  being  the  predominant  site  of  fatigue. 

It  has  long  been  recognized  that  lactic  acid  levels  within 
circulating  blood  are  a  reflection  of  the  metabolic  activity  of  parts, 
or  all  of  the  muscular  system  of  the  organism  being  examined  (Bang, 

1936;  Jervell ,  1928).  It  has  also  been  long  accepted  that  active 
recovery  can  alleviate  the  symptoms  of  fatigue  faster  than  passive 
recovery  (Newman  et.  al .  ,  1937). 

The  severity  or  intensity  of  the  exercise  will  determine  the 
level  of  lactic  acid  formed  (Hermansen,  1971).  Recent  research  has 
also  indicated  that  there  is  a  selective  type  of  recruitment  from  the 
muscular  system's  motor-unit  pool  (Wenger  and  Reed,  1976).  During  high 
intensity  exercise  of  short  duration,  the  fast  glycolytic  pool  (FG) 


is  substantially  recruited.  The  metabolic  enzymatic  pathway  which 
supplies  the  majority  of  energy  to  these  muscles  is  anaerobic  glycolysis. 
Wenger  and  Reed  (1976)  claimed  that  the  production  of  lactate  by  anaer¬ 
obic  glycolysis  was  a  primary  cause  of  the  decrease  in  the  glycolytic 
rate.  This  suggested  that  fatigue  induced  in  one  to  two-minute  work 
bouts  of  high  intensity  might  be  linked  to  the  'milieu-interne',  or 
peripheral  site  rather  than  the  central,  and  that  the  FG  motor  unit 
fibres  were  the  dominant  source  of  lactic  acid  during  short-term  intense 
exercise . 

Davies  et  al .  (1970)  examined  the  rate  of  lactic  acid  removal 

in  relation  to  different  baselines  of  recovery  exercise  and  reported 
the  maximum  rate  at  approximately  40  percent  of  the  individual's 
maximal  oxygen  uptake.  It  should  be  noted  that  these  authors  used  only 
four  subjects  and  did  not  attempt  to  relate  the  rate  of  removal  to 
fitness.  Bloom  (1976)  and  Bransford  and  Howley  (1979)  found  lactic 
acid  to  be  produced  at  30  percent  and  55  percent  of  maximal  oxygen 
uptake  respectively  in  untrained  subjects. 

Many  other  researchers  have  recently  examined  the  limiting 
effects  of  the  presence  of  high  levels  of  lactic  acid  on  performance 
and  methods  by  which  these  might  be  achieved.  Belcastro  and  Bonen 
(1976),  Bonen  and  Belcastro  (1975),  Gisolfi  et  al .  (1966),  and  Hermansen 

and  Stensvold  (1973)  ,  provided  evidence  which  indicated  that  lactate 
removal  was  enhanced  during  recovery  by  moderate  aerobic  exercise  as 
opposed  to  resting  recovery.  The  suggestion  was  that  the  more  oxygen 
made  available  to  the  muscle  during  recovery,  the  greater  the  rate  of 
removal  of  lactic  acid.  These  experiments  have  used  maximal  aerobic 


exercise  as  the  criterion  exercise. 


Weltman  et  al .  (1977)  reported  on 


the  relationship  between  different  recovery  patterns  (active  versus 
passive,  with  and  without  oxygen  inhalation)  from  high  intensity  short 
duration  exercise  and  subsequent  performance.  Their  criterion  test 
was  an  all  out  pedalling  task  against  a  5.5  Kp.  resistance.  They 
reported  a  low  correlation  between  post-recovery  exercise  and  blood 
lactate  levels  which  suggested  that  factors  other  than  lactate  removal 
were  critical  for  subsequent  performance.  While  making  note  of  various 
possibilities  such  as  oxidation  in  the  heart  muscle,  resynthesis  in 
the  liver  and  lactate  being  'lifted  up'  to  form  glycogen,  Astrand  and 
Rodahl  (1977)  concluded  that,  "...  the  rate  of  lactic  acid  produced 
during  heavy  exercise  is  still  an  unsettled  question"  (1977:313). 

Essen  (1978)  provided  data  showing  that  there  was  less  accumulation  per 
unit  time  of  lactic  acid  during  intermittent,  than  continuous  intense 
exercise.  Tesch  (1978)  related  the  ratio  of  fast  twitch  fibres  (FT) 
and  slow  twitch  fibres  (ST)  to  exhaustive  exercise  and  lactic  acid 
production.  He  noted  that  lactate  concentrations  were  related  to  the 
percentage  of  FT  fibres  suggesting  that  the  lactate  concentration/ 
performance  time  ratio  was  higher  in  FT  muscles.  He  concluded  that 
subjects  rich  in  FT  fibres  had  higher  anaerobic  work  capacities  than 
those  with  higher  percentages  of  ST  fibres.  Buchtal  and  Schmalbruch 
(1969)  claimed  that  in  the  muscle  biceps  brachii,  25  percent  of  the 
fibres  in  the  long  head  were  rich  in  mitochondria  and  therefore  could 
be  termed  FT  fibres;  they  did  not  report  on  the  fibre  type  of  the  short 
head  of  the  muscle  biceps  brachii. 

Weltman  et  al .  (1979)  continued  to  study  recovery  patterns 

from  maximal  effort  exercise,  lactate  disappearance  and  subsequent 
performance  using  recovery  thresholds  above  and  below  their  subjects 
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previously  determined  anaerobic  threshold  (AT) .  They  concluded  that 
elevated  blood  lactate  had  little  effect  on  maximal  effort  duration  and 
that  exercise  recovery  below  AT  was  more  effective  for  lactate  disap¬ 
pearance  than  exercise  recovery  above  AT. 

There  appeared  to  be  a  shift  in  emphasis  in  the  research  of 
the  1970's  away  from  the  gross  muscle  studies  of  fatigue  utilizing 
surface  electrodes  toward  the  use  of  inserted  electrodes  revealing 
various  phenomena  related  to  single  motor  units  (Milner-Brown,  Stein, 
and  Yemm,  1973a,  1973b;  Milner-Brown  and  Stein,  1975) .  A  second  area  of 
considerable  IEMG  research  in  this  period  was  the  attempted  diagnosis 
of  neuro-muscular  disorders  (Goodgold  and  Eberstein,  1973;  Smorto  and 
Basmajian,  1977).  In  this  latter  context,  Smorto  and  Basmajian  (1977:13) 
claimed  that  exact  interpretation  of  the  recorded  electrical  activity 
of  the  skeletal  muscle  and  peripheral  nerves  permitted  the  determination 
of  the  extent  of  nerve  injury  or  the  nature  of  intrinsic  muscle  disturb¬ 
ance  and  could  help  in  planning  medical  therapy,  surgical  intervention 
and  rehabilitation. 

While  there  seems  to  be  cyclic  periods  of  activity,  it  is 
reasonable  to  assert  that  fatigue  has  been  one  of  the  most  fruitful 
areas  of  research  for  electrophysiologists  and  exercise  physiologists. 
Within  the  literature  can  be  found  a  two  model  debate  as  to  whether 
the  site  of  muscular  fatigue  is  located  within  the  central  nervous 
system  or  within  the  peripheral  musculature. 

Noting  that  the  two  models  have  their  respective  devotees,  it 
was  interesting  to  record  that  Stephens  and  Taylor  (1972)  proposed  a 
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model  of  fatigue  which  implicated  both  central  and  peripheral  sites. 

They  reported  that  in  sustained  contractions  there  was  an  initial 
drop  in  the  integrated  EMG,  while  further  decreases  were  accompanied 
by  a  lesser  decline  in  I EMG .  Stephens  and  Taylor  (1972)  suggested 
that  the  initial  phase  was  indicative  of  transmission  fatigue  (fatigue 
of  the  neuromuscular  junction) ,  while  the  subsequent  phase  represented 
an  inability  of  the  contractile  apparatus  to  produce  tension. 

Adding  to  the  full  restoration  of  the  debate  within  the  perti¬ 
nent  literature,  Viitasalo  and  Komi  (1977)  described  the  signal  charac¬ 
teristics  of  the  EMG  and  fatigue.  At  the  same  time,  they  provided 
considerable  evidence  for  the  central  model  theorists.  They  suggested 
that  along  with  recruitment  of  new  motor  units  and  increases  in  ampli¬ 
tude  of  the  wave-form  due  to  synchronous  firing  of  motor  units,  that 
fatigue  was  characterized  by  a  marked  reduction  in  the  conduction 
velocity  of  the  action  potential  along  the  used  muscle  fibre. 

The  issue  of  fatigue  which  was  seemingly  resolved  with  the 
dominant  site  being  peripheral,  or  at  best  being  a  two  component 
phenomenon,  was  seriously  challenged  by  this  latter  finding.  Currently, 
there  is  renewed  interest  in  the  subject.  In  fact,  Asmussen  (1979) 
and  Asmussen  and  Mazin  (1978a,  1978b)  claim  to  have  demonstrated  that 
the  dominant  site  of  fatigue  is  central.  They  received  some  support 
from  Wood  (1979)  is  his  examination  of  the  effects  of  fatigue  upon 
visual  reaction  time.  Wood  (1979)  reported  exercise-induced  changes 
in  reaction  time  performance  which  appeared  centrally  mediated,  involving 
a  shift  in  motor  unit  recruitment  patterns  by  the  motor  cortex  of  the 
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Chapter  3 


METHODS  AND  PROCEDURES 


Subjects 

Thirty-six  male  volunteers  whose  ages  ranged  from  19  to  35 
years  participated  as  subjects  in  the  study.  All  were  advised  not  to 
eat,  drink,  smoke  or  engage  in  any  heavy  physical  exercise  for  a  period 
of  four  hours  prior  to  their  test. 

The  subjects  were  scheduled  for  two  visits  to  the  laboratory. 
First,  for  the  measurement  of  isometric  strength  of  the  flexors  of  the 
arm  at  the  elbow  to  allow  a  systematic  random  assignment  of  subjects 
to  treatment  groups. 

All  signed  an  'informed  consent'  document  indicating  their 
understanding  of  the  procedures  and  willingness  to  participate  in  the 
study  (Appendix  I). 

All  subjects  were  required  to  come  for  their  test  wearing  a 
gym  strip  of  shorts,  a  loose  shirt  top  and  gym  shoes.  Upon  entering 
the  laboratory,  each  subject  was  familiarized  with  the  test  require¬ 
ments  and  recording  procedures. 

Various  anthropometric  measures  were  taken  with  the  subjects 
wearing  only  gym  shorts  and  either  socks  or  bare  feet.  The  measures 
were:  age  in  years  and  months;  height  in  centimetres;  weight  in  kilo¬ 
grams;  and  three  arm  measures.  The  subjects  were  asked  to  stand  with 
their  right  arm  flexed  to  90  at  the  elbow  with  their  lower  arm 
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supinated.  By  palpating  the  acromion  process  of  the  scapular  and  the 
lateral  epicondyle  of  the  humerus  and  measuring  the  distance  between 
these  two  anatomic  landmarks,  an  upper  arm  length  was  derived  (UAL). 

The  lower  arm  length  was  measured  as  the  distance  between  the  lateral 
epicondyle  of  the  humerus  and  the  distal  head  of  the  radius  (LAL) . 

Both  these  measures  were  made  in  inches,  converted  to  centimetres  and 
added  to  give  a  measure  of  total  arm  length  (TAL) .  All  subjects  were 
measured  using  these  procedures  with  distances  measured  by  a  simple 
'dressmakers'  tape  (Appendix  A). 

In  order  to  facilitate  the  assignment  of  subjects  to  the  four 
treatment  groups,  each  was  measured  for  maximal  isometric  arm  flexor 
strength  using  a  cable  tensiometer.  This  procedure  measured  the  iso¬ 
metric  strength  of  the  flexors  of  the  arm  at  the  elbow  with  the  subjects 
sitting  comfortably  in  a  Hettinger  chair  (illustrated  in  Plate  3). 

O 

All  subjects  placed  their  elbows  by  their  sides,  flexed  to  90  as 
determined  by  a  goniometer.  The  subjects  supinated  their  lower  arm  and 
a  tensiometric  cuff,  cable  and  chain  was  attached  to  a  point  vertically 
below  their  wrist.  The  cuff  position,  seating  and  flexed  lower  arm 
angle  were  standardized  for  all  subjects  by  making  individual  adjust¬ 
ments  to  the  apparatus.  The  subjects  were  instructed  to  maximally 
contract  the  flexors  of  the  lower  arm  three  times.  The  first  for 
familiarization  purposes,  the  second  and  third  to  determine  the  forces 
applied  to  the  cable  as  measured  by  a  cable  tensiometer.  The  forces 
were  recorded  with  the  higher  of  the  two  recordings  assigned  as  the  sub¬ 
ject's  score.  These  scores  were  converted  to  pounds  equivalents,  util¬ 
izing  a  modified  spring-scale  calibration  unit  developed  at  The  University 
of  Alberta.  The  calibrated  scores  were  then  ranked  in  order  of  highest 
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Plate  3 

Hettinger  chair  used  to  standardize  the  test  of  isometric 
strength  of  the  flexors  of  the  lower  arm  at  the  elbow. 


Plate  4 


Terrasyn  Isolation  Amplifier. 

electrode . 


Electrode  jelly.  Disposable  surface 
Alligator  clips. 
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to  lowest  in  a  descending  scale  of  one  to  36  to  facilitate  the  systematic 
random  assignment  of  subjects  to  treatment  groups. 

Equipment 

Measurements  were  made  of  the  electromyograph  (EMG)  and  the 
integrated  electromyograph  ( I EMG)  using  a  Honeywell  Electronic  Medical 
system  (Bigland  and  Lippold,  1954;  DeVries,  1974;  Lippold,  1952).  This 
is  illustrated  in  Plate  4.  Surface  electrodes  transferred  the  muscle 
action  potentials  to  an  isolation  amplifier  (Terrasyn  Inc.  N  IIIA  EMG) 
via  colour-coded  alligator  clips  (AMI  Co.)  and  shielded  cables.  Surface 
electrodes  for  the  EMG  recording  were  positioned  according  to  the 
specification  of  Komi  and  Buskirk  (1970).  The  electromyographic  poten¬ 
tials  were  fed  into  an  electrically  operated  integrator  equipped  for 
full  wave  rectification  which  produced  an  arbitrary  quantitative  figure. 
(For  further  detail  of  the  operation  of  the  Honeywell  Electronic  Medical 
system  as  used  in  this  study,  see  Appendix  D) . 

The  torque  developed  by  the  subjects  during  the  four  phases  of 
the  test  was  recorded  using  an  electrical  dynamometer  (see  Plate  2). 

The  subjects  were  instructed  to  sit  with  their  backs  straight  and  to 
apply  force  only  through  the  concentric  and  eccentric  contractions  of 
the  flexors  of  the  lower  arm  at  the  elbow.  In  an  attempt  to  eliminate 
extraneous  movements,  subjects  were  verbally  prompted  only  to  use  the 
muscles  of  the  upper  arm  most  involved  with  the  activity. 

Circuit  breaker  cams  in  the  electrical  dynamometer  were  adjusted 

O  .  O 

so  that  all  subjects  worked  in  the  range  of  65  of  extension  to  145  of 
flexion.  The  range  of  movement  was  set  at  80  .  The  lever  arm  speed 
was  set  to  cover  the  80  in  six  seconds  or  at  13.3  per  second.  A 
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cycle  of  concentric-eccentric  contractions  took  14  seconds  as  the  lever 
arm  was  manually  reactivated  at  the  extremity  of  each  movement. 

Close  to  the  pivot  point  of  the  lever  arm  was  a  strain  gauge. 
Electrical  impulses  from  the  strain  gauge  were  fed  into  an  amplifier 
within  the  Honeywell  Electronic  Medical  system  and  then  to  a  Beckman 
pen  recorder.  This  enabled  close  monitoring  of  the  decline  in  torque 
as  fatigue  levels  increased.  When  a  subject  was  unable  to  develop  50 
percent  of  his  initial  maximal  voluntary  concentric  contraction  as 
indicated  in  the  Beckman  recorder,  the  phase  of  work  was  stopped.  The 
subject  then  moved  as  quickly  as  possible  into  a  treatment  phase  of 
the  test. 

Heart  rates  were  monitored  in  two  groups  during  their  rest 
interval  activity  using  a  Quinton  (Model  650)  heart  rate  meter.  The 
groups  engaged  in  active  recovery  pedalled  a  stationary  Monark  (Varburg, 
Sweden)  bicycle  ergometer. 

Procedure 

Figure  1  provides  a  schematic  representation  of  the  research 
design  used  in  this  study.  Thirty-six  subjects  were  systematically 
assigned  to  groups.  These  groups  were  randomly  assigned  to  the  treat¬ 
ments  . 

The  protocol  of  this  study  included  a  resting  blood  sample 
followed  by  the  first  concentric-eccentric  work  phase  to  50  percent 
of  the  subjects'  initial  maximal  voluntary  concentric  contraction  (MVCC) . 
The  groups  began  the  first  treatment  and  after  four  minutes,  they 
completed  the  second  work  phase  to  50  percent  of  MVCC  and  commenced  the 
second  treatment.  They  then  completed  the  third  work  phase  to  50  percent 


Group  Treatment  1  Treatment  2  Treatments 
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of  MVCC  which  was  followed  by  a  second  blood  sample.  This  was  used  to 
indicate  a  peak  lactic  acid  level.  The  subjects  completed  treatment 
three  after  the  second  blood  withdrawal.  The  subjects  completed  the 
fourth  phase  of  work  to  50  percent  of  their  MVCC  which  was  followed  by 
a  period  of  five  minutes  where  all  subjects  sat  and  rested  in  the 
electrical  dynamometer  chair.  A  third  blood  sample  was  then  drawn 
to  indicate  a  recovery  value  of  lactic  acid. 

Group  I  Control  (Con) 

Subjects  in  the  Control  group  performed  no  specific  activity 
during  their  three  rest  intervals.  They  were  instructed  to  sit  quietly 
and  relax  for  the  four  minutes. 

Group  II  Central  (Cen) 

Subjects  in  the  Central  group  remained  seated  in  the  electrical 
dynamometer  chair.  During  their  three  rest  intervals,  they  were  given 
a  clip  board,  pen  and  sheet  of  simple  mathematical  calculations.  Included 
on  the  sheet  were  arithmetic  problems  related  to  addition,  multiplica¬ 
tion,  subtraction,  division  and  equations.  For  each  rest  interval, 
the  subjects  were  asked  to  complete  as  many  'problems  as  they  could 
in  the  four— minute  periods  (see  Appendix  J) . 

Group  III  Peripheral  Activity  I 

(P  I) 

Immediately  upon  the  termination  of  each  concentric-eccentric 
phase,  the  subjects  were  asked  to  pedal  a  stationary  Monark  bicycle 
ergometer.  The  subject’s  heart  rate  and  the  power  output  were  monitored 
and  the  resistance  altered  as  required  to  elicit  a  heart  rate  response 
of  between  110-120  beats  per  minute  (bpm) .  At  the  completion  of  the 
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four  minutes,  the  subject  stopped  and  moved  back  to  the  electrical 
dynamometer  chair  and  commenced  the  next  concentric-eccentric  phase 
of  the  study.  Details  of  heart  rate  monitoring  and  electrode  placement 
are  provided  in  Appendix  F. 

Group  IV  Peripheral  Activity  II 

(P  II) 

Subjects  assigned  to  this  group  were  monitored  as  in  Peripheral 
I,  but  utilized  a  target  heart  rate  of  140-150  beats  per  minute. 

Lactic  Acid  Levels 

Blood  was  drawn  from  all  subjects  on  three  different  occasions 
during  the  test  session  into  heparinized  4  ml  vacutainers. 

(i)  The  first  withdrawal  was  made  from  the  antecubital  vein 

of  the  non-exercising  arm  approximately  one  minute  prior  to  test  commence¬ 
ment.  All  subjects  had  been  sitting  in  a  quiet  state  for  at  least  five 
minutes.  This  sample  was  taken  to  provide  a  base  line  value  of  lactic 
acid  for  later  comparative  purposes. 

(ii)  The  second  withdrawal  was  made  from  the  antecubital  vein 
of  the  exercising  arm  as  soon  as  the  subject  had  reached  the  termination 
point  of  the  third  concentric-eccentric  phase.  This  sample  was  taken 

to  provide  a  peak  value  of  lactic  acid. 

(iii)  The  third  withdrawal  was  made  after  the  fourth  work 

bout.  All  subjects  reached  the  termination  point  of  the  fourth  concentric- 
eccentric  phase  and  were  instructed  to  sit  quietly  for  five  minutes. 

Blood  was  drawn  from  the  antecubital  vein  of  the  exercising  arm,  again 
utilizing  a  site  approximately  two  to  three  mm  below  the  first  site. 

This  sample  provided  evidence  of  the  rate  of  removal  or  disappearance 
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of  lactic  acid  from  the  fatigued  muscle  site. 

Lactic  Acid  Assay 

The  lactic  acid  assay  followed  a  similar  procedure  to  that 
described  by  Mohme-Lundholme  (1965)  and  was  based  upon  the  light 
absorbance  properties  of  the  enzyme  NADH. 

In  the  presence  of  LDH  and  NAD,  lactate  is  converted  into 
pyruvate.  For  each  mole  of  lactate  converted  to  pyruvate,  one  mole 
of  NAD  is  converted  into  NADH.  Therefore,  the  absorbance  of  NADH 
of  ultra-violet  light  at  340  mn,  reflects  on  a  1:1  basis  the  amount  of 
lactate  originally  in  the  sample.  The  absorbance  properties  were 
determined  in  a  Pye  Unicam  SP1800  UV  spectrophotometer  (see  Appendix  G) . 

Data  Analysis 

The  major  purpose  of  the  study  was  to  determine  the  differen¬ 
tial  effect  of  the  four  treatment  conditions.  The  resulting  experimental 
design  was  a  treatment  (4)  by  repeated  measures  (4)  design.  The  statis¬ 
tical  analysis  of  the  following  dependent  variables  was  completed  by 
a  two-way  ANOVA  with  repeated  measures  on  the  last  factor. 

Statistical  Analysis 

The  data  collected  were  subjected  to  a  two-way  analysis  of 
variance  with  repeated  measures  on  the  last  factor  for  each  of  the 
following  dependent  variables: 

1)  maximum  concentric  torque.  Maximum  torque  developed  during 
the  initial  concentric  contraction  of  each  phase  of  work. 

2)  minimum  concentric  torque.  Torque  developed  during  the  final 
concentric  contraction,  usually  50  percent  of  the  initial 
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3)  mean  concentric  torque.  Torque  value  derived  by  totalling 
the  torque  of  each  concentric  contraction  and  dividing  by 
the  number  of  contractions. 

4)  maximum  eccentric  torque.  Maximum  torque  developed  during 
the  initial  eccentric  contraction  of  each  phase  of  work. 

5)  minimum  eccentric  torque.  Torque  developed  during  the 
final  eccentric  contraction. 

6)  mean  eccentric  torque.  Torque  value  derived  by  totalling 
the  torque  of  each  eccentric  contraction  and  dividing  by 
the  number  of  contractions. 

7)  sum  of  the  torques  in  the  first  four  concentric  contractions. 

8)  sum  of  the  torques  in  the  first  four  eccentric  contractions. 

9)  sum  of  the  integrated  value  of  the  electromyographs  for  the 

first  four  concentric  contractions  in  millivolts. 

10)  sum  of  the  integrated  value  of  the  electromyographs  for  the 
first  four  eccentric  contractions  in  millivolts. 

Statistical  computations  were  made  using  the  Department  of  Educational 
Research  programme  ANOV  26. 

A  diagrammatic  representation  of  the  experimental  design  for 
this  study  was  presented  in  Figure  1. 


Chapter  4 


RESULTS 


Subject  Characteristics 

Thirty-six  subjects  participated  in  the  study  and  were  blocked 
into  four  groups  which  were  randomly  assigned  to  treatments.  Individual 
character istics  are  provided  in  Appendix  A. 

Table  1  includes  the  mean  (X) ,  standard  deviation  (SD)  and 
range  (R)  for  the  characteristics  of  the  subjects  in  the  four  groups. 

Two  data  points  are  of  interest.  The  mean  age  and  the  mean  height 
for  Peripheral  II  appear  to  be  different  to  those  values  derived  from 
the  other  groups.  No  explanation  can  be  offered  for  these  effects  other 
than  random  experimental  occurrences. 

The  results  obtained  from  the  current  study  refer  to  three  main 
areas.  Firstly,  the  torque  developed  by  each  subject  during  the  four 
concentric-eccentric  work  phases.  Torques  were  measured  and  obtained 
for  each  concentric  and  eccentric  contraction.  As  the  subjects  applied 
force  to  the  lever  arm  of  the  electrical  dynamometer,  a  Beckman  recorder 
was  used  to  simultaneously  record  the  torques.  At  50  percent  of  the  sub¬ 
ject's  initial  maximal  voluntary  concentric  contraction  (MVCC) ,  which  took 
3_— pjj  minutes,  the  work  phase  was  terminated  and  a  treatment  commenced.  It 
will  be  apparent  that  some  of  the  dependent  variables  in  this  current  study 
have  been  derived  using  the  first  four  contraction  cycles.  This  was  neces 
sary  as  in  the  latter  work  phases,  the  50  percent  decline  in  MVCC  occurred 
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Means  (X),  Standard  Deviation  (SD) ,  and  Range  (R)  of  Anthropometric  Measures  for  All  Subjects 
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in  only  four  concentric-eccentric  contraction  cycles  in  some  subjects. 
Secondly,  data  was  obtained  related  to  integrated  electromyographic 
variables  (IEMG)  using  an  Accudata  136  integrater,  a  component  of  the 
Honeywell  Medical  system.  These  results  are  reported  in  millivolts  of 
electrical  activity  and  reflect  the  neuromuscular  action  potentials  of 
the  contracting  muscles.  The  third  area  relates  to  the  lactic  acid 
levels  of  the  subject's  blood  determined  at  three  stages  during  the 
experimental  protocol  (see  Figure  1)  to  establish  a  resting,  peak  and 
recovery  value. 

Torque  Versus  Treatments 

The  effects  of  rest  interval  activities  upon  the  alleviation 
of  fatigue  are  shown  in  Figure  2.  This  represents  the  torque  in  kilo¬ 
gram  meters  for  the  total  of  the  first  four  concentric  contractions  afte 
averaging.  The  first  four  concentric  torque  values  were  totalled  and 
divided  by  four.  Figure  2  clearly  demonstrates  the  decline  in  torque 
over  the  four  work  phases  for  the  four  treatment  groups.  A  two-way 
analysis  of  variance  showed  no  significant  treatment  main  effects  or 
interactions  on  torque  developed  for  the  mean  of  the  sum  of  the  first 
four  concentric  contractions;  therefore,  no  significant  difference 
between  groups  could  be  attributed  to  the  treatment  conditions  (see 
Appendix  C) . 

Figure  3  shows  the  decline  in  torque  in  kilogram  meters  for  the 
first  four  eccentric  contractions  when  they  were  added  together  and  an 
average  value  obtained.  A  two-way  analysis  of  variance  resulted  in  no 
significant  treatment  main  effects  on  torque  developed  which  indicated 
that  again,  there  was  no  difference  between  the  groups  which  could 
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Figure  2.  Sum  of  first  four  concentric  cont  ract  ions(averaged ). 
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Figure  3.  Sum  of  first  four  eccentric  contractions. 
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be  attributed  to  the  treatment;  however,  a  significant  treatment  by 
phases  interaction  was  found.  Simple  effects  tests  indicated  that  at 
phase  I,  the  Control  and  Peripheral  I  groups  generated  more  torque 
than  the  Central  and  Peripheral  II  groups  with  the  largest  cell  mean 
difference  appearing  between  Central  and  Peripheral  II  F(l,96)  =  6.2, 
p  <  0.05.  The  difference  between  Peripheral  I  and  Peripheral  II  was 
significant  F(l,96)  =  5.6,  p  <  0.05.  Significance  was  also  found  for 
the  difference  between  Central  and  Control  F(l,96)  =  5.1,  p  <  0.05. 

The  only  significant  group  difference  between  phase  I  and  phase  II 
involved  the  Central  group  F(l,96)  =  7.1,  p  <  0.05.  Therefore,  the 
lower  torque  generated  by  the  Central  group  in  phase  II  in  contrast 
to  phase  I  must  be  due  to  errors  in  sampling  as  no  other  group  demon¬ 
strated  this  effect. 

Figure  4  illustrates  the  value  derived  when  the  mean  torques 
for  the  concentric  and  eccentric  contractions  were  added  together.  It 
should  be  noted  that  one  subject  took  12  cycles  of  concentric-eccentric 
contractions  before  he  reached  50  percent  of  his  MVCC  while  another 
subject  took  only  four  to  reach  his  termination  point  (see  Appendix 
H) .  The  two-way  analysis  of  variance  revealed  no  significant  main 
effects  on  torque  developed.  However,  a  significant  treatment  by 
phases  interaction  was  found.  Again,  the  results  of  the  simple  effects 
tests  indicated  that  during  phase  I,  Central  and  Peripheral  I  groups 
generated  more  torque  than  Control  and  Peripheral  II  groups.  The  largest 
mean  cell  difference  was  between  Central  and  Control  F(l,96)  —  6.59, 
p  <  0.05.  Significant  mean  cell  differences  were  found  between  Central 
and  Peripheral  II  F(l,96)  =  6.2,  p  <  0.05,  also  Peripheral  I  and  Control 
F(l,96)  =  6.0,  p  <  0.05,  and  Peripheral  I  and  Peripheral  II  F(l,96) 
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5.6,  p  <  0.05.  Figure  4  demonstrates  that  the  only  significant  group 
difference  between  phase  I  and  phase  II  involved  the  Central  group 
F(l,96)  =  8.1,  p  <  0.05.  This  must  be  attributed  to  the  initial  error 
in  sampling. 

Figure  5  illustrates  the  torque  value  derived  during  the  eccen¬ 
tric  contraction  phase  of  the  current  study.  This  value  represents  a 
group  mean  in  kilogram  meters.  It  was  derived  by  totalling  an  indi¬ 
vidual  subject's  torque  for  each  phase  and  dividing  that  total  by  the 
number  of  contractions  it  took  to  reach  50  percent  of  his  MVCC.  Group 
means  were  then  obtained  by  adding  the  individual  means  for  the  group 
and  dividing  by  nine.  The  two-way  analysis  of  variance  revealed  no 
significant  treatment  main  effects  on  torque  developed.  A  significant 
treatment  by  phases  interaction  was  revealed.  The  results  of  the  simpl 
effects  testing  revealed  the  higher  torque  levels  generated  in  phase  I 
by  the  groups  Central  and  Peripheral  I.  The  largest  mean  cell  differ¬ 
ence  was  between  Central  and  Peripheral  II  F(l,96)  =  6.7,  p  <  0.05. 
Significant  mean  cell  differences  were  also  found  between  the  Central 
and  Control  groups  F(l,96)  =  5.85,  p  <  0.05,  also  Peripheral  I  and 
Peripheral  II  F(l,96)  =  5.78,  p  <  0.05,  and  Peripheral  I  and  Control 
F ( 1 , 96 )  =  4.83,  p  <  0.05.  Figure  5  continues  to  demonstrate  that  the 
only  significant  phase  I  -  phase  II  difference  involved  the  Central 
group  F  (1 , 96 )  =  8.0,  p  <  0.05.  Once  again,  this  can  only  be  attributed 
to  the  initial  sampling  error. 

Integrated  Electromyographic 

Results 


Figure  6  illustrates  the  integrated  electromyographic  results 
obtained  when  the  integrated  electrical  activity  was  totalled  for  the 
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Figure  5.  Mean  eccentric  contractions. 
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Figure  6.  Integrated  electromyographic  data:  Concentric  contractions. 
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first  four  concentric  contractions  for  each  phase  of  work.  Inspection 
of  Figure  6  reveals  a  general  increase  in  electrical  activity  from 
treatment  1  to  treatment  4  in  the  groups  Peripheral  I  (P  I)  and  Periph¬ 
eral  II  (P  II) .  The  Control  and  Central  groups  show  a  slight  decline 
in  electrical  activity  for  the  first  four  concentric  contractions  between 
treatment  1  and  treatment  4.  This  increase  in  electrical  activity  in 
P  I  and  P  II  accompanied  by  the  slight  decline  in  Control  and  Central 
contrasts  markedly  with  Figure  2  which  showed  the  drop  in  torque  devel¬ 
oped  during  the  four  phases  of  work  for  the  first  four  concentric 
contractions.  A  two-way  analysis  of  variance  revealed  no  significant 
treatment  main  effects  on  summated  electrical  potentials  in  millivolts 
during  the  first  four  concentric  contractions. 

Figure  7  illustrates  the  summed  IMEG  recording  for  the  first 
four  eccentric  contractions.  There  was  an  increased  IEMG  recording  of 
millivolts  of  electrical  activity  for  the  group  P  I  between  the  first 
and  fourth  concentric-eccentric  phase  of  work.  A  slight  increase  was 
present  in  the  IEMG  millivolt  recorded  between  phases  one  and  four  for 
the  groups  P  II  and  Control.  This  trend  was  reversed  for  the  Central 
group.  The  electrical  activity  declined  overall  between  treatments 
1  and  4  for  the  Central  group. 

The  increased  electrical  activity  in  the  treatment  groups  P  I 
and  P  II  described  for  the  concentric  contractions  was  not  so  clearly 
marked  for  the  eccentric  contractions.  The  increased  electrical  activity 
for  the  Control  group  between  the  first  and  last  work  phases  for  eccen¬ 
tric  contractions  differed  from  the  finding  for  this  group  during  the 
concentric  contractions.  The  trends  for  the  Central  group  remained  the 
same  for  the  eccentric  contractions  as  for  the  concentric. 
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Fi  gure  7.  Integrated  electromyographic  data  Eccentric  contractions. 


Comparison  between  the  IEMG  values  for  the  four  work  phases 
(Figures  6  and  7)  and  torque  (Figures  2  to  5)  provided  tentative  support 
for  the  findings  of  Lippold  (1952)  who  stated  that  as  tension  within 
the  muscle  developed,  there  was  an  increase  in  the  electrical  activity. 
In  this  current  study,  it  was  shown  that  as  fatigue  set  in  as  manifested 
by  declining  torque  values,  the  electrical  events  within  the  muscle 
did  not  show  a  parallel  drop.  Interestingly,  there  was  no  uniform 
increase  in  electrical  activity  as  perhaps  may  have  been  expected. 

While  there  was  a  relatively  systematic  drop  in  torque  as  a  function  of 
repeated  maximal  contractions,  the  accumulated  action  potentials 
responded  much  less  systematically. 

Lactic  Acid  Assays 

Figure  8  illustrates  the  lactic  acid  values  for  the  four  groups 
expressed  as  means  and  standard  deviations.  The  values  illustrated 
are  rest,  peak  and  recovery i  a  post  work  value.  The  latter  two  values 
indicated  the  high  intensity  of  the  muscle  group  involved,  with  the 
recovery  L . A .  reflecting  a  total  turn-over rate  of  lactate  within  the 
body . 

Reference  to  Figure  1  indicated  that  in  between  the  resting 
blood  withdrawal  and  the  second  blood  withdrawal  to  determine  a  peak 
lactic  acid  value,  the  subjects  completed  three  phases  of  concentric- 
eccentric  work  to  50  percent  of  their  initial  maximal  voluntary  concen¬ 
tric  contraction.  They  had  also  completed  two  treatment  periods,  each 
of  four  minutes'  duration.  The  recovery  lactic  acid  value  was  derived 
from  blood  withdrawn  following  a  five-minute  rest  at  the  completion 
of  the  fourth  work  phase  (see  Appendix  B) . 
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Figure  8.  Mean,  standard  deviation  for  lactic  acid. 
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It  is  thought  that  the  resting  mean  of  Peripheral  II  was  large 
as  one  group  member  appeared  not  to  have  complied  with  the  requirements 
of  the  study  not  to  engage  in  any  heavy  physical  activity  prior  to  the 
test  being  carried  out. 

The  peak  lactic  acid  values  must  be  considered  high  for  short¬ 
term,  small  muscle  group  work.  The  blood  sampling  of  the  working  arm 
immediately  after  exercise  of  maximal  concentric  and  eccentric  nature 
has  no  doubt  contributed  to  these  high  values. 

There  was  no  significant  difference  for  peak,  or  post  work 
lactic  acid  values  when  the  group  means  were  examined;  however,  there 
appeared  to  be  a  large  var iat ion  within  each  group  which  may  relate  to 
the  differential  utilization  of  lactic  acid  by  individuals  with  each 
group  (Belcastro  and  Bonen,  1975).  This  does  not  support  Asmussen's 
(1979)  claim  that  exercise  in  non-fatigued  muscles  will  stimulate  the 
blood  flow  through  the  fatigued  muscle  group  and  enhance  repeated  work 


measures . 


Chapter  5 


DISCUSSION 


The  protocol  used  in  this  study  (illustrated  in  Figure  1) 
indicated  that  the  work  involved  in  the  experimentally  induced  fatigue 
was  intense,  of  short  duration  and  isokinetic  in  nature. 

The  subjects  attempted  to  maintain  maximal  torques  in  contin¬ 
uous  concentric  and  eccentric  contractions  of  the  flexors  of  the  lower 
arm  at  the  elbow.  Under  these  conditions,  the  decline  in  torque  was 
rapid.  This  was  also  noted  by  other  authors  (Doss  and  Karpovich,  1965; 
Singh  and  Karpovich,  1966,  1967;  Komi  and  Buskirk,  1972;  Hermansen  and 
Osnes ,  1972;  Hermansen  and  Stensvold,  1972).  Wenger  and  Reed  (1976), 
Tesch  (1978)  and  Weltman  et  al .  (1979)  suggested  that  the  rapid  onset 

of  fatigue  due  to  high  intensity,  short  duration  muscular  work  was 
accomplished  through  the  failure  of  anaerobic  glycolytic  metabolism 
to  maintain  the  necessary  levels  of  adenosine  triphosphate  and  creatine 
phosphate  (ATP-CP)  within  the  muscle  cell. 

It  is  important  to  establish  that  the  localized  muscular  activity 
unique  to  this  study  was  of  a  high  intensity,  anaerobic  type.  It  was 
an  activity  which  produced  50  percent  decline  in  the  torque  generated 
in  the  concentric  contraction  of  flexors  of  the  elbow  in  one  to  two 
minutes . 

The  results  indicated  (Figures  2  to  5)  that  there  was  no  signif¬ 
icant  difference  in  the  four  phases  of  work  between  the  four  treatment 
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groups  measured  by  maximal,  minimal  and  mean  torques.  Hermansen  and 
Stensvold  (1972),  Belcastro  and  Bonen  (1975)  and  Weltman  et_  al .  (1979) 

indicated  that  the  effects  of  fatigue  could  be  alleviated  by  modifying 
their  experimental  subjects  between  work  phase  behaviour.  This  fatigue 
alleviation  was  associated  with  the  removal  of  lactic  acid  in  activity 
patterns  which  were  largely  aerobic  in  nature.  It  was  an  hypothesis  of 
this  current  study  that  such  might  hold  true  for  short-term,  localized 
intense  muscular  activity.  The  mean  torques  generated  during  the  decline 
to  50  percent  between  the  treatment  groups,  however,  showed  no  signif¬ 
icant  difference.  It  is  suggested  that  the  nature  of  the  fatigue 
inducing  work  in  this  study  was  such  to  produce  high  lactate  levels 
but  the  treatments  did  not  differentially  influence  lactate  removal,  as 
evidenced  by  subsequent  torque  output. 

Central  nervous  system  facilitation  (CNSF)  was  described  as 
having  positive  effects  on  repeated  phases  of  work  (Asmussen  and  Mazin, 
1978a  and  1978b;  Asmussen,  1979).  Subjects  in  the  Central  group  in 
this  current  study  showed  no  significantly  different  torque  values  for 
either  the  concentric  or  eccentric  torque  components  of  each  phase  of 
work.  Using  a  simple  ergograph  which  involved  the  flexors  of  the  fore¬ 
arm  at  the  elbow  in  repeated  contractions,  Asmussen  (1979)  observed  and 
recorded  a  torque  decline.  By  inserting  a  series  of  between  work  phase 
mental  tasks  (or  treatments) ,  Asmussen  (1979)  claimed  that  his  experi¬ 
mental  subjects  produced  greater  torques  and  increased  numbers  of 
contractions  than  did  non— CNSF  practising  controls.  Asmussen  (1979) 
claimed  further  that  these  results  confirmed  his  hypothesis  that  the 
dominant  site  of  fatigue  was  central  and  not  peripheral. 

The  experimental  design  of  this  current  study  included  a  group 
i o h  employed  CNSF  as  its  between  work  phase  treatment  condition. 
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Other  aspects  of  the  test  were  held  constant.  The  CNSF  (Central) 
group  demonstrated  no  significant  difference  in  the  number  of  con¬ 
tractions  (see  Appendix  H)  before  they  declined  to  50  percent  of  their 
MVCC,  nor  did  they  show  any  significantly  different  torque  values  over 
a  Control  group  and  two  other  groups  described  as  Peripheral  I  and 
Peripheral  II.  Like  Asmussen's  (1979)  subjects,  those  in  the  current 
study  fatigued  the  flexors  of  the  lower  arm  at  the  elbow.  The  differ¬ 
ence  between  the  two  studies  was  that  subjects  in  the  former  employed 
repeated  contractions  of  a  submaximal  nature.  The  contractions  were 
performed  until  a  submaximal  weight  could  not  be  lifted.  The  rest 
interval  period  was  two  minutes  between  20  bouts  of  exercise.  In  con¬ 
trast,  the  current  study  used  a  modified  version  of  this  protocol. 

Fatigue  was  established  more  quickly  as  the  subjects  attempted  to  main¬ 
tain  maximal  torques.  It  also  employed  a  longer  period  for  CNSF  of  four 
minutes.  It  is  possible  that  the  results  obtained  do  not  conform  to  the 
findings  described  by  Asmussen  (1979)  for  the  following  reasons.  Central 
nervous  system  facilitation  may  lose  its  efficacy  as  a  means  of  fatigue 
alleviation  if  the  work  bouts  are  of  a  high  intensity  and  short  duration 
or  if  the  treatment  period  of  CNSF  is  longer  than  two  minutes. 

The  torques  produced  in  the  groups  Peripheral  I  and  Peripheral  II 
showed  no  significant  difference  from  those  produced  in  the  Control  and 
Central  groups.  Several  authors  (Belcastro  and  Bonen,  1975;  Bonen  and 
Belcastro ,  1975;  Hermansen  and  Stensvold,  1972;  Karlsson  et  al. ,  1975, 
Weltman  et  al. ,  1978,  1979)  have  shown  that  lactic  acid  disappearance 
is  associated  with  improved  work  performance  over  repeated  bouts  of 
exercise.  These  workers  have  employed  large  muscle  group  activities 
such  as  running  on  an  inclined  or  horizontal  treadmill  and  pedalling  on 
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a  bicycle  ergometer  to  induce  elevated  lactate  levels.  They  have  then 
employed  a  submaximal  work  level  of  the  activity  which  induced  the 
fatigue  during  the  period  of  active  recovery  and  noted  the  improvement 
in  work  in  a  repeated  bout  of  exercise  when  their  active  recovery  groups 
were  compared  with  their  resting  controls.  In  contrast,  one  of  the 
unique  aspects  of  this  current  study  was  the  anaerobic  work  confined 
to  a  localized  small  muscle  group  engaged  in  voluntary  repeated  maximal 
contractions.  Reference  to  Figure  8  indicated  that  all  subjects  showed 
a  marked  increase  in  peak  lactic  acid  over  resting  levels.  Davies 
et  al .  (1968) ,  Bloom  et  al .  (1976)  and  Weltman  et  al .  (1979)  claimed 

that  lactic  acid  removal  was  associated  with  submaximal  aerobic  activity. 
Further,  Hermansen  and  Stensvold  (1972)  maintained  that  removal  of 
lactic  acid  may  have  been  associated  with  increased  blood  flow  through 
the  fatigued  muscle.  The  groups  in  the  current  study  employed  a  sub¬ 
maximal  recovery  work  load  described  as  mild  —  a  heart  rate  of  110— 120 
beats  per  minute  (bpm)  and  moderate  —  140—150  bpm.  The  current  study 
did  not  utilize  an  active  recovery  in  which  the  working  muscle  groups 
were  involved,  but  rather,  the  protocol  described  an  active  recovery 
which  induced  a  pronounced  effect  on  heart  rate,  stroke  volume  and 
subsequent  cardiac  output  (Astrand  and  Rodahl,  1977;  DeVries  et  al . , 

1974) .  These  treatments  had  no  significant  effect  upon  the  torque 
generated  between  groups  for  the  four  phases  of  work.  It  may  have  been 
that  the  active  treatment  groups  pedalling  on  the  bicycle  ergometer  exper¬ 
ienced  a  shift  in  blood  flow  from  the  fatigued  site  of  the  biceps  to  the 


exercising  muse 


les  of  the  legs.  It  is  possible  that  the  increased  heart 
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rate  causing  an  increased  cardiac  output  and  blood  flow  did  not  cause 
an  increase  in  blood  flow  to  other  parts  of  the  body,  including  the 
fatigued  biceps  brachii.  And  thus  there  was  no  significantly  reduced 
lactate  level  observable  when  compared  to  Central  and  Control  groups 
(Astrand  and  Rodahl,  1977;  DeVries,  1974). 

The  CNSF  treatment  condition  adopted  by  the  Central  group  did 
not  have  a  significant  effect  upon  the  IEMG  compared  to  the  Control, 
Peripheral  I  and  Peripheral  II.  Values  derived  were  subjected  to  a 
two-way  analysis  of  variance.  No  significant  treatment  effects  were 
found.  Asmussen  (1979)  suggested  that  if  an  experiment  was  conducted 
in  which  the  mechanical  output  of  contracting  muscles  was  observed  with 
a  simultaneous  electromyographic  recording  of  the  action  potentials  of 
the  contracting  muscles,  then  a  parallel  fall  in  mechanical  output  and 
IEMG  should  be  expected.  In  the  current  study,  a  parallel  fall  in  IEMG 

and  torque  was  not  found.  Asmussen  (1979)  also  stated  that  should  CNSF 

induce  higher  levels  of  work  to  be  performed  in  a  repeated  measures 
setting,  there  would  be  an  increased  IEMG  value  which  parallelled 
the  increased  mechanical  output.  The  current  study  did  not  produce 
evidence  to  substantiate  such  an  assertion.  It  is  likely  that  the 

high  intensity  anaerobic  exercise  produced  high  levels  of  afferent 

nervous  system  feedback  to  the  CNS  in  the  form  of  sensations  of  pain 
and  fatigue.  CNSF  is  alleged  to  cause  an  inhibition  of  afferent  inflow 
which  has  the  effect  of  maintaining  a  higher  level  of  arousal  established 
via  the  reticular  activating  system  of  the  brain  than  would  otherwise 
be  expected  in  a  non-CNSF  practising  subject.  In  turn,  the  subject 
practising  CNSF  could  be  expected  to  maintain  higher  levels  of  work  in 
a  repeated  measures  setting  over  a  control  subject.  This  hypothesis 
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was  not  supported  by  evidence  from  the  current  study.  No  significant 
differences  were  found  in  the  Central  group  practising  CNSF  as  their 
treatment  condition  over  a  Control  group  and  two  groups  engaged  in 
active  recovery.  Perhaps  an  explanation  of  the  failure  of  the  CNSF 
to  influence  the  work  could  be  found  in  the  localized,  high  intensity 
work  phases  of  the  current  study.  Subjective  impressions  of  pain  and 
fatigue  were  common  to  all  subjects  as  they  attempted  unsuccessfully 
to  maintain  maximal  torques.  It  seems  likely  that  these  feelings  either 
overrode  or  suppressed  the  effects  which  may  be  attributable  to  CNSF 
in  a  less  demanding  setting.  It  still  seems  possible  that  in  a  repeated 
measures  submaximal  test,  CNSF  could  be  shown  to  influence  work  output. 

The  current  study  provided  evidence  that  in  general,  the  level 
of  electrical  activity  did  not  decline  in  magnitude  proportionally  to 
the  decline  in  torque  generated  over  a  series  of  continuous  concentric- 
eccentric  contractions  of  the  flexors  of  the  forearm  at  the  elbow.  The 
non-parallel  drop  in  I EMG  recordings  may  provide  tentative  evidence 
that  it  was  failure  within  the  contractile  mechanism  which  resulted  in 
the  observed  decline  in  torque.  It  seems  that  the  muscle  cells  respon¬ 
sible  for  the  development  of  the  torque  applied  to  the  lever  arm  of  the 
electrical  dynamometer  were  unable  to  respond  to  the  action  potential 
delivered  to  the  contractile  proteins  via  the  sarcolemma.  The  non¬ 
parallel  decline  of  torque  and  I EMG  suggests  that  a  cause  may  be  located 
within  the  muscle  cell's  failure  to  maintain  maximal  contractions. 

What  seems  to  be  a  less  tenable  explanation  for  the  torque  decline  relates 
to  the  failure  of  the  neuromuscular  transmission  mechanism.  However, 
more  research  is  needed  to  provide  evidence  to  confirm  or  refute  this 


speculation . 
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DeVries  (1968,  1974),  Hermansen  (1972),  Karlsson  et  al .  (1975), 

Merton  (1954) ,  and  Newman  et  al.  (1937) ,  suggested  that  a  principal 
component  in  the  development  of  muscular  fatigue  was  a  buildup  of  lactic 
acid  within  the  muscle  cell.  It  was  thought  that  this  by-product  of 
the  breakdown  of  glycogen  during  muscular  activity  inhibited  the  capacity 
of  the  contractile  proteins  to  sustain  high  levels  of  externally  measur¬ 
able  tension.  On  the  other  hand,  Asmussen  (1979)  claimed  that  evidence 
had  accumulated  since  1903  which  indicted  diminished  transmission  of 
action  potentials  as  being  responsible  for  the  failure  observed  in 
sustained  muscular  activity.  This  position  received  support  from 
Scherrer  and  Bourguignon  (1959),  Sloan  (1965),  and  more  recently  from 
Viitasalo  and  Komi  (1977)  and  Wood  (1979). 

It  can  be  noted  that  fatigue,  and  the  possible  mechanism  of 
fatigue  has  been  a  question  perplexing  exercise  physiologists  for  many 
years.  Perhaps  one  reason  for  the  emergence  of  the  two  model  theory  of 
fatigue  as  examined  in  this  current  study  was  the  failure  by  the  research¬ 
ers  involved  to  fully  acknowledge  the  principal  of  the  specificity  of 
the  type  of  muscular  activity  involved.  The  current  study  has  not 
produced  evidence  which  could  support  either  the  CNSF  or  the  lactic 
acid  removal  theories  of  fatigue  alleviation.  Studies  which  show  these 
theories  to  have  influenced  repeated  measures  work  performance  have 
utilized  large  muscle  activities  and  recoveries  in  which  the  muscles 
previously  fatigued  were  exercised  in  a  submaximal  manner.  The  specific 
exercise  utilized  currently  was  a  local  muscle  group  worked  from  MVCC 
to  50  percent  of  MVCC  in  a  sequence  of  concentric-eccentric  contractions 
in  which  the  torque  declined  by  half  in  one  to  two  minutes.  This  was 
a  specific,  anaerobic  and  intense  phase  of  work. 
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The  lack  of  significant  findings  in  this  current  study  suggested 
that  neither  the  Central  (CNSF)  nor  the  Peripheral  (lactate  removal) 
theories  of  fatigue  alleviation  contributed  more  than  the  between  phase 
rest  treatment  of  the  Control  group  to  the  levels  of  torque  generated 
by  the  four  groups.  As  a  result,  neither  the  central  nor  the  peripheral 
sites  were  dominant  in  inducing  or  alleviating  fatigue.  Fatigue  was 
clearly  observed  and  measured  as  a  declining  torque  value  and  changed 
patterns  of  IEMG  activity.  This  suggests  that  the  most  likely  explana¬ 
tion  for  these  observations  was  a  combination  of  the  reduced  capacity 
for  tension  development  in  the  contractile  mechanism  and  a  changed 
level  of  neuromuscular  transmission.  It  again  appears  likely  that  the 
specific  type  of  muscular  activity  was  a  contributing  factor.  In 
the  past,  it  seems  that  certain  sites  of  fatigue  have  been  said  to  be 
dominant  over  others  when  perhaps  the  specific  laboratory  treatment 
undertaken  by  the  experimental  subjects  was  largely  ignored,  yet  it 
perhaps  played  a  large  part  in  the  outcomes  of  the  experiment.  It 
should  be  noted  that  in  future  research,  care  should  be  exercised  m 
extrapolating  the  findings  from  one  experimental  setting  or  design 
to  another  if  similar  results  are  the  desired  or  expected  outcomes  for 

the  research  on  the  latter  occasion. 

Just  as  Wenger  and  Reed  (1976)  described  the  limiting  factors 

to  performance  as  being  numerous,  complex  and  interrelated,  so  too 
Astrand  and  Rodahl  (1977:115)  wrote:  "Fatigue  is  a  very  complex  concep¬ 
tion,  especially  since  heavy  exercise  does  load  respiration  and  circula¬ 
tion  as  well  as  neuromuscular  function."  It  therefore  appears  that 
the  mutually  exclusive,  two  model  theory  was  not  supported  by  evidence 
from  this  current  study  because  many  phenomena  interacted  to  produce 


' 
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the  transient  decrease  in  performance  capacity  of  muscles.  As  more 
research  is  undertaken,  it  seems  likely  that  the  position  of  Stephens 
and  Taylor  (1972)  who  contended  that  both  central  and  peripheral  factor 


contributed  to  the  decline  in  work  output  will  receive  wider  support. 


Chapter  6 


CONCLUSIONS  AND  RECOMMENDATIONS 

Conclusions 

It  was  concluded: 

(1)  That  the  maximal  anaerobic  muscular  activity  prevented  the 
effects  of  CNSF  from  influencing  the  torques  generated  in  a  repeated 
work  measures  setting. 

(2)  That  active  recoveries  did  not  cause  any  significant  dif¬ 
ference  in  the  torques  generated  between  the  groups. 

(3)  That  intense  anaerobic  muscular  activity  taxed  both  central 
and  peripheral  fatigue  mechanisms  to  the  extent  that  neither  was  observed 
to  be  dominant  in  fatigue  alleviation. 

The  nature  of  the  work  was  described  as  high  intensity  anaerobic 
which  was  shown  by  Hermansen  and  Osnes  (1972)  ,  Karlsson  and  Saltin 
(1970)  ,  Tesch  (1978)  ,  Tesch,  Sjodin  and  Karlsson  (1978)  ,  and  Wenger 
and  Reed  (1976) ,  to  be  a  contraction  pattern  dominated  by  fast  twitch 
(FT)  fibres.  Little  information  is  available  on  the  selective  recovery 
of  FT  as  opposed  to  slow  twitch  (ST)  fibres.  It  is  not  known  if  these 
two  fibre  types  have  the  same  recovery  pattern.  It  would  therefore 
appear  important  to  know  the  fibre  type  composition  of  the  muscle  group 
and  the  recovery  patterns  of  the  different  fibre  types  in  studies 
examining  recovery  from  exhaustive  exercise.  Buchtal  and  Schmalbruch 
(1969)  showed  that  25  percent  of  the  fibres  of  the  long  head  of  the 
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biceps  brachii  were  rich  in  mitochondria  and  therefore  classified  as 
FT  -  their  study  did  not  include  the  short  head  of  the  biceps  brachii. 
Later  work  (Tesch,  1978)  indicated  that  FT  fibres  had  a  higher  anaer¬ 
obic  capacity  than  the  ST  fibres.  Tesch  (1978)  also  claimed  that 
within  the  same  muscle,  FT  fibres  formed  more  lactate  compared  to  ST 
fibres . 

It  was  possible  that  in  the  current  study  the  individual  fibre 
types  contributed  to  the  non-significant  results  related  to  lactic 
acid  production  rates.  If  the  Control  and  Central  groups  included  subject 
with  lower  percentages  of  FT  fibres  than  Peripheral  I  and  Peripheral  II, 

it  would  have  been  possible  that  their  lactic  acid  values  may  have  not 
shown  as  significantly  different  from  those  values  attributed  to  Periph¬ 
eral  I  and  Peripheral  II  with  a  higher  percentage  of  FT  fibres.  The 
effect  of  lactic  acid  production  in  Peripheral  I  and  Peripheral  II  could 
therefore  have  been  masked  by  lack  of  specific  information  to  disclose 
the  fibre  types  of  the  subjects  in  the  current  study. 

There  appears  to  be  an  unresearched  mechanism  within  the  central 
nervous  system  which  senses  when  a  motor  unit  is  reaching  its  limit 
or  potential  maximum  capacity  for  work.  Moreover,  it  appears  that  this 
mechanism  can  induce  new  motor  units  to  contract  which  assists  or  even 
takes  over  from  those  motor  units  which  have  been  fatigued.  Viitasalo 
and  Komi  (1977)  and  Wood  (1979)  showed  that  as  a  motor  unit  fatigues 
Qfid  its  tension  developing  capacity  falls,  so  does  the  action  potential 
innervating  that  motor  unit.  Their  work  suggests  that  as  a  motor  unit 
reaches  a  certain  low  point  of  tension  development,  then  it  is  spared 
from  making  further  contributions  to  the  work  being  performed  and  new 


■ 
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(or  other)  motor  units  are  activated.  The  mechanism  controlling  this 
synchronization  and  recruitment  is  not  known  and  appears  to  be  a 
potentially  productive  area  for  future  research. 

The  concentric-eccentric  muscular  activity  employed  in  this 
current  study  showed  a  rapid  torque  decline  as  the  subjects  were 
unable  to  sustain  maximal  contractions.  The  integrated  electromyo¬ 
grams  (IEMG)  illustrated  in  Figures  6  and  7  did  not  show  a  parallel 
decline  with  torque  generated.  Komi  (1973)  examined  the  relationship 
between  muscle  tension  and  velocity  of  contraction  under  concentric  and 
eccentric  work.  His  work  demonstrated  that  no  significant  difference 
occurred  in  the  IEMG  between  the  two  types  of  contraction  when  performed 
at  maximum.  All  groups  in  the  current  study  performed  maximal  concen¬ 
tric  and  eccentric  contractions.  To  support  the  findings  by  Komi 
(1973) ,  no  clear  difference  was  noted  in  the  electrical  activity  of 
the  four  groups.  It  was  demonstrated,  however,  that  the  Control  and 
Central  (CNSF)  groups  showed  a  slight  difference  in  IEMG  response  in 
the  concentric  phases  of  work  when  compared  to  the  treatment  groups, 
Peripheral  I  (110-120  bpm)  and  Peripheral  II  (140-150  bpm) .  It  can  be 
noted  in  Figure  6  that  there  was  a  slight  decline  in  IEMG  values  for 
Control  and  Central  from  the  phase  I  value  to  phase  IV.  On  the  other 
hand,  it  can  be  noted  that  there  is  a  slight  incline  from  phases  I  to 
IV  in  the  groups  Peripheral  I  and  Peripheral  II.  Although  the  two-way 
analysis  of  variance  revealed  that  the  differences  described  were  not 
significant,  the  observed  differences  or  trend  may  be  indicative  of  a 
treatment  effect  being  present  should  modifications  to  the  protocol 
(Figure  1)  be  made.  Further  research  may  reveal  that  the  active 
recovery  treatment  in  a  repeated  measures  experiment  can  influence 


. 


57 


the  IEMG  recordings  when  submaximal  torques  are  studied. 

Recommendations 

Three  major  recommendations  emanated  from  the  current  study. 

(1)  Information  is  lacking  on  fibre  typing  of  the  flexors 
of  the  lower  arm  at  the  elbow.  It  is  recommended  that  research 
efforts  be  mounted  to: 

(a)  develop  a  needle  biopsy  technique  which  could 
reveal  data  as  to  the  fibre  composition  of  both  heads  of  the  biceps 
brachii,  brachialis,  brachioradialis  and  cor acobr achialis  muscles, 
and 

(b)  reveal  whether  the  fast  twitch  (FT)  and  slow  twitch 
(ST)  characteristic  lactic  acid  production  described  by  Tesch  (1978) 
holds  true  for  the  flexors  of  the  lower  arm  at  the  elbow. 

(2)  The  mechanism  of  motor  unit  recruitment  and  synchroniza¬ 
tion  of  firing  patterns  within  motor  units  as  exercising  muscle  fatigues 
is  little  understood.  It  is  recommended  that  research  be  undertaken 

to  determine  the  exact  nature  of  this  mechanism. 

(3)  The  IEMG  data  developed  in  this  current  study  suggested 
that  neuromuscular  transmission  in  fatigued  muscles  may  be  enhanced 
by  active  recovery  treatments  in  a  repeated  measures  experimental 
setting.  It  is  recommended  that  research  be  undertaken  to  determine 
whether  this  phenomenon  occurs  in  a  repeated  measures  design  submaximal 


work  experimental  setting. 
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Lactic  Acid  Values  (Milligrams/100  Millilitres  of  Blood)  for  Control, 
Central,  Peripheral  I  and  Peripheral  II  Groups 

X  =  Mean  Score  SD  =  Standard  Deviation  R  =  Range 


Subj  ect 

Rest 

Peak 

Recovery 

C 

0  N  T 

R 

0  L 

G  R  0 

U  P 

1 

3.5 

91.7 

51.8 

2 

1.3 

84.0 

80.5 

3 

— 

35.0 

23.1 

4 

4.3 

64.4 

35.7 

5 

4.2 

35.5 

33.6 

6 

— 

31.6 

12.3 

7 

2.1 

103.6 

80.5 

8 

2.8 

51.1 

37.8 

9 

9.8 

52.8 

54.6 

X  =  3.99 

X  = 

60.61 

X  =45.5 

SD  =  2.7 

SD  = 

8.8 

SD  =  23.65 

R  =  1.26  - 

•  9.8 

R  = 

31.5  - 

103.6 

R  =  12.25  -  80.5 

C 

ENT 

R 

A  L 

G  R  0 

U  P 

10 

7.0 

84 . 0 

50.4 

11 

— 

101.5 

49.0 

12 

2.1 

43.8 

17.5 

13 

5 . 6 

63.0 

36.4 

14 

5.3 

57.8 

44.8 

15 

— 

47.6 

26.6 

16 

— 

101.5 

59.5 

17 

6.9 

43.4 

26.6 

18 

8.4 

49.0 

63.0 

X  =5.92 

X  = 

65.72 

X  =41.5 

SD  =  2.1 

SD  = 

7.5 

SD  =  15.7 

R  =  2.1  - 

8.4 

R  = 

43.75 

-  101.5 

R  =  17.5  -  63.0 
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(continued) 


Sub j  ect 

Rest 

Peak 

Recovery 

P  E  R  I  P  H  E 

R  A  L 

I  i 

G  R  0  U 

P 

19 

1.4 

94.5 

57.4 

20 

9.8 

80.5 

52.5 

21 

9.8 

58.1 

10.5 

22 

1.8 

38.5 

31.5 

23 

5.6 

37.8 

51.1 

24 

2.1 

82.6 

88.2 

25 

— 

52.5 

9.1 

26 

2.2 

66.5 

65.8 

27 

6.2 

52.5 

26.6 

X  =4.86 

SD  =  3.52 

R  =  1.4  -  9.8 

X  = 

SD  = 

R  = 

62.6 

19.9 

37.8  - 

94.5 

X  =  43.62 

SD  =  26.3 

R  =  9.1  -  88.2 

P  E  R  I  P  H  E 

R  A  L 

I  I 

G  R  0 

U  P 

28 

21.0 

76.4 

70.0 

29 

24.6 

85.4 

38.5 

30 

3.5 

36.4 

39.9 

31 

3.4 

59.5 

41.3 

32 

17.5 

52.5 

40.6 

33 

7.0 

58.1 

— 

34 

9.1 

40.6 

24.5 

35 

1.8 

73.5 

54.6 

36 

19.6 

100.8 

82.6 

X  =9.75 

SD  =  5.9 

R  =  1.75  -  24.5 

X  = 

SD  = 

R  = 

64.81 

21.1 
36.4  - 

100.8 

X  =43.5 

SD  =  17.76 

R  =  24.5  -  82.6 
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Honeywell  Medical  System  Recording  Unit 

An  electromyographic  recording  was  made  during  the  four  concen¬ 
tric-eccentric  phases  of  the  test  for  all  subjects. 

The  surface  electrodes  monitored  the  muscle  action  potentials 
generated  during  each  movement  of  the  concentr ic— eccentr ic  phases. 

In  doing  so,  data  was  compiled  related  to  both  the  concentric  and 
eccentric  muscular  contractions  performed  by  all  subjects. 

The  surface  electrodes  were  connected  via  colour-coded  alligator 
clips  (AMI  Co.)  and  shielded  cables,  to  an  isolation  amplifier  (Terrasyn 
Inc.  Model  NIIIA  EMG) .  Next,  the  electromyographic  potentials  were  fed 
into  an  electrically  operated  integrator,  equipped  for  full  wave  recti¬ 
fication  . 

The  system  used  to  record  results  was  the  Honeywell  Electronic 
Medical  System.  Four  channels  were  used  in  this  study. 

Channel  1.  An  EMG  channel  provided  a  clinically  interpretable 
record  of  electrical  activity  in  the  muscle. 

Channel  2.  An  integrator  channel  electronically  collected  the 
EMG  output  and  integrated  the  electrical  muscle  potential.  This  output 
was  transformed  to  a  visual  reading  on  a  multichannel  oscilloscope  and 
a  paper  reading  from  an  oscillograph.  The  integrator  also  worked  as 
an  area  summator  for  the  total  electromyogr aphical  activity  in  the  EMG 
channel  and  produced  an  output  proportional  to  the  area  of  the  EMG 
wave  form.  The  integrator  quantified  the  muscular  electrical  poten¬ 
tials  of  the  fatiguing  muscles,  which  enabled  an  assessment  of  work 
performed  to  be  made. 

Channel  3.  A  strain  gauge  channel  simultaneously  measured  and 


. 
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recorded  the  muscle  tension  developed.  This  channel  was  linked  via  the 
appropriate  wiring,  to  a  Beckman  Recorder.  The  strain  gauge  was  located 
in  the  electrical  dynamometer  lever  arm  close  to  the  pivotal  point 
which  was  also  the  location  of  the  subject's  elbow.  An  elbow  pad  at 
this  point  was  provided  to  assist  in  the  comfort  of  each  subject  and 
to  standardize  the  position  of  force  application.  Each  subject  was 
instructed  to  "feel"  the  point  of  his  elbow  to  coincide  with  the  back 
of  the  elbow  pad  and  to  keep  the  elbow  in  this  position  throughout  the 
four  concentric-eccentric  phases.  The  lever  arm  had  a  softly  padded 
moveable  wrist  support  which  enabled  an  individual  adjustment  of  the 
lever  arm  for  all  subjects. 

Channel  4.  An  integrator  of  the  strain  gauge.  The  recording 
indicated  the  summated  and  integrated  electrical  impulses  from  the 
strain  gauge,  which  recognized  the  variable  angles  of  the  activity  and 
the  variable  muscular  tension  developed  at  those  angles.  The  total 
force  generated  during  the  successive  concentric  and  eccentric  contrac¬ 
tions  was  recorded  on  the  fourth  channel. 

The  four  channels  were  simultaneously  fed  into  a  Model  1912 
Visicorder  Oscillograph.  The  oscillograph  uses  a  high  intensity  mercury 
vapour  lamp  to  provide  an  ultra  violet  light  source  which  recorded  on 
ultra  violet  light  sensitive  paper  (Kodak  Direct  Print  Extra  Thin  {type 


2022}  Linagraph  paper) . 
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Calibration  of  Electrical  Dynamometer  and  EMG 


Electrical  Dynamometer 

The  lever  arm  was  calibrated  according  to  the  technique  of  Singh 
and  Karpovich  (1965).  Known  weights  (Weider  Barbell  Co.),  which  had 
been  checked  for  accuracy  by  weighing  on  a  lever  balance  scale  (Health- 
o-Meter,  Continental  Scale  Corp.,  Ill.,  USA)  were  placed  on  the  lever 
arm  12  inches  from  the  axis  of  rotation,  and  a  strain  gauge  recording 
was  made  on  the  Beckman  pen  recorder.  Figures  derived  in  this  manner 
were  considered  to  indicate  forces  in  foot/pound  units.  Conversion 
to  kilograms/meters  was  later  made. 


EMG 


The  Terrasyn 
of  five  millivolts, 
ensure  that  the  gain 


isolation  amplifier  emits  a 
Prior  to  each  test,  the  EMG 
control  caused  a  consistent 


calibration  impulse 
amplifier  was  set  to 
ultra  violet  light 


deflection  in  the  Visicorder  in  response  to  the  calibration  impulse. 
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EMG  and  Quinton  Model  650  Electrode  Placement 

EMG  Electrode  Placement 

To  ensure  the  highest  quality  signal  possible,  it  was  necessary 
to  remove  any  dead  skin  and  surface  oils  by  rubbing  the  appropriate 
site  with  an  Electrodyne  Co.  disposable  skin  cleaner  swab.  This  prep¬ 
aration  provided  both  low  skin  resistance  and  low  skin  potential. 

The  sites  for  the  three  EMG  electrodes  were  as  follows: 

(1)  The  search  electrode  was  placed  on  the  mid-line  of  the 
anterior  aspect  of  the  muscle  belly  of  the  muscle  biceps 
brachii  with  the  subject  standing  in  the  anatomic  position. 

(2)  The  reference  electrode  was  placed  five  centimetres  distally 
and  in  line  with  the  search  electrode. 

(3)  The  third  electrode  was  placed  on  the  acromion  process  of 
the  scapular,  to  act  as  an  earth  electrode. 

The  surface  electrodes  used  were  Electrodyne  Co.  disposable 
s i 1 ve r — s i lver  chloride  of  5  mm  diameter.  Although  not  recommended  for 
use  on  more  than  one  occasion,  a  pilot  study  revealed  identical  EMG 
traces  when  the  same  electrodes  were  used  on  a  second  occasion.  The 
electrodes  therefore  were  used  more  than  once.  On  successive  uses,  the 
pre-gelled  pad  of  foam  rubber  of  approximately  1  mm  thickness  was  re¬ 
gelled,  using  Harco  electro-conductive  gel  (HAR  154-B) .  This  was  done 
to  permit  maximum  conductivity  between  the  skin  and  electrode. 

The  most  suitable  form  of  adhering  the  reused  disposable  elec¬ 
trodes  was  to  remove  the  surrounding  adhesive  pad  of  the  electrode 
and  then  cut  a  small  hole  in  a  rectangle  of  Johnson  and  Johnson  Elastic 
adhesive  tape  of  approximately  5  cm  x  3  cm.  The  back  stub  of  the  elec¬ 
trode  was  then  placed  through  the  hole  and  both  were  firmly  pressed 
onto  the  prepared  skin  site.  When  connected  to  the  AMI  alligator  clips 


and  shielded  wiring  which  transmitted  the  muscle  action  potentials  to 
the  amplification  equipment,  the  results  were  entirely  satisfactory. 

In  this  manner ,  12  sets  of  disposable  electrodes  were  used  three  times 

Quinton  Model  650  Electrode  Placement 

Two  groups,  Peripheral  I  and  Peripheral  II,  had  their  heart 
rates  monitored  at  110-120  beats  per  minute  (bpm)  and  140-150  bpm 
respectively  during  their  treatment  periods.  The  monitoring  device 
was  a  Quinton  Model  650  Heart  Rate  Meter,  which  gave  a  digital  heart 
rate  reading  every  ten  seconds  of  the  four  minutes'  pedalling.  The 
three  electrodes  were  Quinton  silver-silver  chloride  discs  of  approxi¬ 
mately  ten  millimetres  diameter,  designed  for  use  exclusively  with  thi 
heart  rate  meter.  These  were  placed  in  the  appropriate  positions  on 
the  left,  sternal  and  right  anterior  chest  wall  in  a  horizontal  line 
approximately  ten  centimetres  below  the  horizontal  line  of  the  nipples 
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Lactic  Acid  Assay  Technique 

The  samples  were  prepared  in  the  following  way.  After  with¬ 
drawal,  0.1  ml  of  blood  was  added  to  0.4  ml  of  ice  cold  perchloric 
acid  and  stirred  on  a  vortex  mixer  and  centrifuged  at  3,000  revolutions 
per  minute  on  an  International  Centrifuge.  This  caused  the  hemolysed 
red  blood  cells  and  white  blood  cells  to  form  a  pellet  in  the  bottom 
of  the  test  tube  leaving  the  supernatant  ready  for  withdrawal.  The 
supernatant  was  pipetted  into  a  clean  test  tube  and  frozen  at  -60°C. 
According  to  Mohme-Lundholme  (1965) ,  it  was  possible  to  find  reliable 
lactic  acid  results  up  to  one  month  following  initial  freezing  of  the 
supernatant.  In  this  experiment,  all  samples  were  assayed  between  six 
and  18  days  following  blood  withdrawal. 

In  preparation  for  the  spectrophotometr ic  reading,  the  test 
tubes  containing  the  supernatant  were  removed  from  the  freezer  and 
allowed  to  come  to  room  temperature  while  free  standing  in  racks. 

The  supernatant  was  added  to  the  following  mixture.  Test 
tubes  had  been  prepared  by  the  addition  of  2.0  ml  glycine  buffer  (Sigma 
Drug  Co.,  No.  826.3),  0.4  ml  LDH  (Sigma  Drug  Co.,  No.  826.6),  0.2  ml 
NAD  (Sigma  Drug  Co.,  No.  N-7004). 

The  mixture  was  incubated  for  one  hour  (60  minutes)  at  25°C  and 
then  read  in  the  Pye  Spectrophotometer  at  340  nanometer  wave  length. 
This  step  required  the  following  procedures: 

(a)  The  spectrophotometer  was  zeroed  with  an  air  reading. 

(b)  Two  equal  cuvettes,  the  mixture  containers,  were  selected. 
This  was  necessary  so  that  any  difference  between  readings  could  be 
attributed  to  the  contents  and  not  the  cuvettes. 


. 


(c)  The  cuvette  containing  the  mixture  of  supernatant,  buffer 
and  enzymes  had  to  be  read  'against'  a  cuvette  containing  buffer  and 
enzymes.  This  second  cuvette  was  known  as  a  blank.  Reading  against 
a  blank  enabled  the  concentration  of  LDH  to  be  determined  and  by  its 
causal  relationship  with  lactic  acid  (LA) ,  the  lactic  acid  level  to 
be  established. 

To  ensure  that  the  levels  of  NADH  revealed  by  the  spectrophoto¬ 
meter  were  true  reflections  of  levels  of  the  lactic  acid  in  the  subject' 
blood  at  the  time  of  withdrawal,  each  sample  for  each  subject  was  assayed 
simultaneously  three  times.  One  sample  of  three  was  referred  to  as  a 
triplicate . 

A  reading  of  0.002  on  the  spectrophotometer  corresponded  to 
approximately  one  milligram  of  lactic  acid  for  every  100  millilitres 
of  blood  when  placed  on  a  standard  curve  and  converted  to  lactic  acid 
concentration.  This  value  was  established  as  the  criterion  for  accept¬ 
ance  or  rejection  of  the  particular  triplicate.  In  other  words,  if 
two  of  the  three  values  in  the  triplicate  sample  did  not  fall  within 
this  range,  it  was  rejected  and  the  sample  was  re— assayed  in  triplicate. 
Such  a  rigorous  acceptance-rejection  criterion  led  to  a  rejection  of 
26  first-run  assays. 

After  the  second-run  assays  were  done,  the  data  was  then 

o 

compared  to  a  standard  curve  to  reveal  the  A  reading  of  light  absorb¬ 
ance  or  lactic  acid  presence.  This  value  was  then  multiplied  by  70  to 
correct  for  the  factor  of  dilution  and  to  reveal  lactic  acid  values 
in  milligram  per  hundred  millilitres  of  blood  (Mg  %) . 
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The  following 
related  to  the  number 
the  termination  point 
his  maximal  voluntary 


table  illustrates  the  individual  and  group  values 
of  contractions  taken  before  the  subject  reached 
for  each  phase  of  work  which  was  50  percent  of 
concentric  contraction. 


CONTROL  GROUP 


Subject 


Phase  1  Phase  2  Phase  3  Phase  4 


1 

2 

3 

4 

5 

6 

7 

8 
9 

Mean 


9 

11 

9 

8 

12 

10 

7 

6 

7 

8.7 


6 

7 
6 

8 

11 

8 

6 

6 

7 

7.2 


6 

6 

7 

8 
6 
7 

5 

6 
4 

6.1 


7 

6 

6 

10 

7 

8 
4 
9 
6 


7.0 


CENTRAL  GROUP 


10 

8 

5 

11 

7 

10 

12 

9 

7 

13 

6 

10 

14 

6 

7 

15 

8 

9 

16 

8 

8 

17 

5 

7 

18 

5 

4 

Mean 

6.8 

6 . 

6 

7 
6 

8 
6 
9 
8 

5 

6 

6.7 


5 

6 
6 
7 

7 

11 

8 
9 
7 

7.5 


PERIPHERAL  I 


19  7 

20  6 

21  8 

22  9 

23  6 

24  7 


5 
7 

10 

6 
7 
7 


6 

6 

10 

7 

7 

5 


7 

7 

11 

6 

7 

6 
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PERIPHERAL  I  (continued) 


Subj  ect 

Phase  1 

Phase  2 

Phase  3 

Phase  4 

25 

10 

5 

7 

4 

26 

7 

9 

8 

10 

27 

5 

12 

10 

11 

Mean 

7.2 

7.5 

7.3 

7.6 

PERIPHERAL  II 


28 

6 

6 

5 

5 

29 

8 

9 

7 

7 

30 

8 

”7 

/ 

6 

5 

31 

6 

4 

5 

5 

32 

9 

8 

8 

8 

33 

12 

10 

9 

10 

34 

10 

8 

8 

9 

35 

10 

10 

11 

10 

36 

12 

8 

8 

8 

Mean 

9.6 

7.7 

7.4 

7.4 
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CONSENT  TO  UNDERGO  TESTING 


I,  _ ,  hereby  agree  to  volunteer  in  a  study 

to  determine  the  influence  of  rest  interval  activities  on  fatigue  pat¬ 
terns  of  the  flexors  of  the  forearm.  I  understand  that  I  will, 

a)  Perform  maximal  flexions  and  extensions  of  the  forearm 
until  a  point  of  50%  of  my  MVC  is  reached.  This  will  be  done  four  (4) 
times  with  rest  intervals  of  four  minutes  between  each  work  bout. 

b)  Be  required  to  undergo  blood  sampling  three  times: 

i)  at  the  commencement  of  the  test, 

ii)  after  the  third  bout  of  flexion-extension  to  50% 
of  MVC; 

iii)  five  minutes  after  the  completion  of  the  fourth 
bout  of  flexion-extension. 

I  understand  that  with  any  type  of  exercise  there  are  potential  risks 
and  have  been  fully  informed  of  the  nature  of  the  tests  involved.  If 
at  any  time  during  the  test  I  experience  any  severe  or  unusual  discom¬ 
fort,  I  will  ask  to  discontinue  the  test. 

In  agreeing  to  such  an  examination,  I  waive  any  legal  recourse  against 
The  University  of  Alberta  from  any  and  all  claims  resulting  from  this 
test . 


Date 


Subject 


Witness 


(Signature) 


. 
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"CENTRAL"  REST  INTERVAL  ACTIVITY  GROUP 


Mathematic  Calculations  -  Sheet  1 


Please  complete  as  many  of  the  following  problems  as  you  can. 

ADDITIONS 


764 

(ii)  1862 

(iii)  5921 

(iv)  7186 

(v)  99874 

820 

9374 

7435 

5909 

21721 

374 

8107 

8162 

8874 

19536 

SUBTRACTIONS 


(i)  68214  (ii)  7482  (iii)  99411  (iv)  8627  (v)  94461 

41926  6997  26322  5737  94461 


EQUATIONS 


649  + 

32  -  (84  x  3)  = 

(ii) 

1870  - 

(136  x  4 

+  515) 

(178  x 

13  +  16x9)  -87= 

(iv) 

791  + 

18  +  233 

-  (15  x 

MULTIPLICATIONS 

(i)  447  (ii)  764  (iii)  8671  (iv)  7996  (v)  84117 

59  72  _ 93  _ 82  _ 77 


DIVISIONS 

(i)  8642  -r  29  (ii)  714  4-  86  (iii)  7448  1  11  (iv)  9861  1  27  (v)  8862  1  18 


"CENTRAL"  REST  INTERVAL  ACTIVITY  GROUP 


Mathematic  Calculations  -  Sheet  2 


Please  complete  as  many  of  the  following  problems  as  you 


SUBTRACTIONS 


(i)  9286 

7162 


(ii)  6641  (iii)  7948  (iv)  99616  (v) 

5887  5512  27787 


MULTIPLICATIONS 

(i)  2616  (ii)  35515  (iii)  17728  (iv)  54623  (v) 

14  83  _ 17  245 


DIVISIONS 

(i)  8416  v  26  (ii)  1338  p  13  (iii)  22645  P  21  (iv)  92961 

(v)  34521  P  23 


ADDITIONS 


(i)  41686  (ii)  93827  (iii)  78662  (iv)  634461  (v) 

63345  74136  93715  792885 


EQUATIONS 


(i)  326  +  291  -  (42  x  7)  =  (ii)  1001  -  (25  x  14  +  250) 

(iii)  (36  x  24  +  26  x  12)  -  57  =  (iv)  251  +  365  +  254  -  (26  x 


can . 


37625 

28647 


86747 

321 


r  85 


74468 

59213 


+  17 


95 


"CENTRAL"  REST  INTERVAL  ACTIVITY  GROUP 


Mathematic  Calculations  -  Sheet  3 

Please  complete  as  many  of  the  following  problems  as  you  can. 


MULTIPLICATIONS 


(i)  916 

(ii)  8744 

(iii)  7316 

(iv)  86927 

(v)  71131 

12 

19 

52 

174 

297 

DIVISIONS 

(i)  79829  -f  13  (ii)  41486  -f  26  (iii)  84936  -f  15  (iv)  792114  1  28 

(v)  13426  t  33 

ADDITIONS 

(i)  545621  (ii)  312268  (iii)  918397  (iv)  129854  (v)  619772 

133747  828473  212635  613653  619779 


EQUATIONS 

(i)  289  +  324  -  (78  x  4)  =  (ii)  (34  x  46 

(iii)  875  -  (356  x  2)  =  (iv)  (262  x  5 


+  54  x  13)  -  67  = 

~  351  x  2)  -  256  = 


SUBTRACTIONS 


(i)  7866216 

4277413 


(ii)  824275 
655372 


(iii)  956714 
472481 


(iv)  890013 
426304 


(v)  474861 

395643 


